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ABSTRACT 
Urban Density, Human Capital, and Productivity in Service Industries: An Analysis 
of Firm-Level Data of China 
by 
LI Xinyu 
Master of Philosophy 
 
This thesis aims to empirically investigate the links between urban density, human 
capital and productivity in service industries. By using firm-level data of 
manufacturing and service industries in China, I estimate the production function and 
compare how density effects vary between manufacturing and services and between 
producer services and non-producer services. Results show there exist significant 
economies of density in both the manufacturing sector and the service sector, and 
that doubling city population density increases productivity in services by about 10% 
to 11%,as compare with around 7.5% that is estimated for manufacturing firms. 
Moreover, I divide the service-firm sample into four subsamples: producer services, 
non-producer services, wholesale trade and retail trade. After controlling for 
firm-level human capital (the proportion of employees with at least a Bachelor’s 
degree) and other firm characteristics, the estimated population density effects on 
productivity are about 6%, 11 %, 13% and 19% for producer services, non-producer 
services, wholesale trade and retail trade respectively. On average a larger proportion 
of employees with Bachelor’s degree or higher are hired in producer services. Larger 
human capital effects on productivity are also found. Some possible sources of the 
economies of density are investigated. Firm-Level economies of scale are found 
among service firms but not among manufacturing firms, whereas localization 
economies are found in both service and manufacturing industries. Estimates suggest 
that a larger share of better educated employees are hired in producer service 
industries in cities with denser employment, while the opposite is true for the other 
service firms. 
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Chapter 1. Introduction 
This thesis aims to empirically investigate the links between urban density, human 
capital and productivity in service industries. By using firm-level data of the 
manufacturing and service sectors in China, the thesis estimates the production 
function for service firms and highlights how population density affects firm 
productivity as compared to manufacturing firms. In estimating the production 
function for different types of service firms, I am able to control for the quality of 
labor measured in education attainment. To explore one of the micro-foundations of 
economies of density, this thesis also attempts to determine if there is evidence of 
better labor matching in cities with denser employment. 
Recent studies on developed economies underline the important role that the service 
sector is playing in determining a country's economic prosperity. Schettkat and 
Yocarini (2006) identify a remarkably stable pattern of the positive relationship 
between services employment and per capita income from the 60s to the OOs for th,e 
developed economies. Van Ark, O'Mahony, and Timmer (2008) conclude that the 
major factor causing the gap of aggregate-level productivity between Europe and the 
United States is their difference in service-industry productivity. 
On the other hand, there have also been a number of studies on human capital and 
productivity. For instance, Manuelli and Seshadri (2014) suggest that the quality of 
human capital has a central role in determining the wealth of nations. As surveyed in 
the next chapter, recent empirical studies on economies of agglomeration also find 
that human capital and density complement each other in their contribution to 
productivity. Researchers interpret the findings by referring to theoretical 
mechanisms, such as better matching between employers and employees, human 
capital spillover, human capital accumulation through experience, and the sorting of 
labor based on ability. 
In China, the development of the service sector has become an important item on its 
policy agenda. China put forward the 12'h Five-Year Plan for the Development of 
Service Industry in 2012, the first of its kind, in which the growth target for the 
service sector is integrated with the aim of restructuring the economy by increasing 
domestic consumption and employment in the service sector and by advancing 
urbanization. A successful policy planning to promote growth of the service sector 
substantially depends on more country-specific studies. Nonetheless, compared to the 
size of the literature on productivity of the manufacturing sector, empirical studies on 
fundamental production structure of the service sector, such as on agglomeration 
economies, are rarely conducted because of the lack of micro data. 
Based on this background, this thesis empirically investigates the factors affecting 
the total factor productivity (TFP) of service firms using data from the 2008 National 
Economic Census of China and focuses on the effects of population density and 
firm-level labor quality. The major results of the thesis are summarized as below: 
(1) Significant economies of population density are found among the service firms,
which is larger in magnitude as compared to the manufacturing firms. When a city's 
population density doubles given other things unchanged, the productivity of a 
service firm will increase by around 10% to 11 %, whereas a manufacturing firm's 
productivity will increase by around 7.4% to 7.5%. These results are obtained when 
firm characteristics such as multi-establishment firm dummy, firm age and ownership 
type are controlled for. 
(2) The productivity of a producer-service firm increases by about 0.27% for every
percentage point increase in the proportion of the firms' employees with at least a 
Bachelor's degree. Under the same circumstances, the productivity of a 
non-producer-service firm only increases by 0.18%. 
(3) In cities that are more densely populated, the working population will be more
densely employed in service industries. And a larger proportion of workers with a 
Bachelor's degree or higher will be employed in producer services whereas firms of 
non-producer services, wholesale and retail trade hire a smaller proportion of 
workers with at least a Bachelor's degree. 
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(4) Finally, the first two points hold when translog production functions, whose
functional form is considered less restrictive, are estimated. 
The remaining chapters are organized as follows. Chapter 2 reviews the literature on 
the relationship in between agglomeration, human capital and productivity. Chapter 3 
lays out the research questions and describes the data and the regression model. 
Chapter 4 reports the estimation results of the production function. Chapter 5 
concludes. 
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Chapter 2. Literature Review 
This chapter first reviews the literature on agglomeration economies and describes 
the two ,fundamental identification problems encountered in empirical studies on 
agglomeration economies. Then the literature on human capital and agglomeration 
economies will be reviewed. 
2.1 Agglomeration Economies 
It is a stylized fact that productivity and wages are higher in denser areas in which 
economic activities are concentrated, which was first noted by Adam Smith (1776) 
and Alfred Marshall (1890). Economists attempt to explain this fact by resorting to 
the theory of agglomeration economies. The theory of agglomeration economies 
proposes that firms, which are located in industry clusters, benefit from the positive 
externalities generated by the spatial concentration of economic activities. In the 
contemporary literature, the theoretical micro-foundations for the existence of 
agglomeration externalities are well documented. Duranton and Puga (2004), in a 
representative review, categorize the micro-foundations into three types that are 
based on sharing, matching and learning mechanisms respectively. The theoretical 
micro-foundations of agglomeration economies based on sharing mechanisms 
include sharing indivisible goods and facilities and risks. In addition, a larger 
final-goods industry can enable sharing of the gains from the greater variety of input 
suppliers. Moreover, larger production can enable sharing of the gains from the 
narrower specialization. The micro-foundations based on matching mechanisms 
include the enhanced quality and the increased probability of matching job 
requirements with the skill set available in the labor market, as well as the alleviation 
of hold-up problems in both the goods market and the labor market. And the 
micro-foundations based on learning mechanism include the generation, the 
diffusion , and the accumulation of knowledge. 
The modem empirical literature on agglomeration economies ,also finds positive 
productivity gains from the concentration of economic activities. In a representative 
survey on the topic, Rosenthal and Strange (2004) suggests the estimated 
agglomeration elasticity of productivity falls between 3% and 8%. Melo, Graham 
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and Noland (2009), in their meta-analysis, suggest the mean and median of the 
estimated agglomeration elasticity of productivity are 3.1 % and 3.4% respectively. 
Population, population density, employment density and the number of 
establisliments are measures of agglomeration used in the literature. As noted by 
Rosenthal and Strange (2004), failing to account for density when estimating 
agglomeration effect is "treating all entities within a given location as being located 
at precisely the same spot". Similarly, Ciccone and Hall (1996), who are among the 
first to use density instead of size as the measure of agglomeration, point out that 
density is a more appropriate measure of agglomeration than the mere size of a 
location. Cities can have similar populations or similar numbers of firms and yet 
drastically different areas, resulting in a sparse or dense distribution of people and 
firms. Although we should keep in mind that agglomeration measures such as 
population density assume that the population is distributed.equally in all the acres in 
the locality of interest. This is especially true in settings where micro data is used. 
Most of the empirical studies estimate 1) production functions or 2) wage functions 
to estimate the elasticity of productivity measured in total factor productivity (TFP) 
or wage with respect to agglomeration. This thesis belongs to the former category. 
Here I discuss briefly some representative studies that adopt the production function 
estimation approach. A representative study for the United States, Ciccone and Hall 
(1996) uses data on state-level output to find that doubling employment density 
increases income per worker by around 5%. Ciccone (2002), in a follow-up paper 
using European county-level data, finds that a doubling of employment density is 
associated with roughly a 4.5% increase in average labor productivity. As more 
disaggregated production data become available, firm-level studies on agglomeration 
economies have emerged recently. Henderson (2003) estimates plant-level 
production functions using U.S. panel data for the machinery and high-tech 
industries. He finds that a JO-fold increase in the number of local own-industry 
plants, which represents sources of local information spillover, increased 
productivity by more than 20% in high-tech industry. Using firm-level panel data of 
the French manufacturing industries, Combes, Duranton, Gobillon and Roux (2008) 
shows that the elasticity ofTFP with respect to employment density to be about 4%. 
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Most of the empirical studies use aggregated data or manufacturing sector plant-level 
data, but recently as the quality of disaggregated data of the service sector for some 
countries improves over time, some studies analyze the density effects on 
service-�ector productivity and compare those with economies of density in the 
manufacturing sector. Such studies estimate firm/establishment-level production 
functions augmented by density of employment or population. Using firm-level or 
establishment-level data, both Graham (2007) and Morikawa (2011a) find that the 
elasticities of productivity with respect to agglomeration are substantially larger for 
the service sector than for manufacturing. Using Britain's firm-level panel data, 
Graham (2007) finds the weighted average effective employment density elasticity 
based on service jobs share to be 0.197 for service industries as compared to 0.077 
for manufacturing industries. Based on Japanese establishment-level cross-sectional 
data, Morikawa (201 la) estimates the elasticity of productivity with respect to city 
population density to be 7% to 15% among service industries whereas it is only 2.7% 
among manufacturing industries. In explaining this gap in population density 
elasticity of productivity, Morikawa (201 la) implicitly suggests that population 
density is superior to employment density as a measure of agglomeration because the 
former also captures demand-side factors, which is especially true to service 
industries whose market reach tends to be more local. This thesis is a follow-up 
research of Morikawa (201 la). 
However, studies on agglomeration economies in China are usually conducted in an 
aggregated fashion. Studies on the economies of agglomeration in service industries 
in China using disaggregated data are, to my best knowledge, non-existent. For 
instance, based on data on 30 manufacturing industries, Fan and Scott (2003) 
calculate the Herfindahl index (a measure of an industry's overall level of spatial 
agglomeration) for each industry on the province level and show that most of the 
industries are characterized by a strong positive relationship between agglomeration 
and productivity. Au and Henderson (2006) show that GDP per worker is an inverted 
U-shape function of city employment. Using China's city-level data from 1990 to
1997, they find that real income per worker rise very fast when city size increases 
from a low level, and that the agglomeration benefits decline very slowly past the 
peak. More recent studies have studied the effect of agglomeration on Chinese 
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manufacturing firms' productivity. Fleisher, Hu, McGuire, and Zhang (20 I 0) use two 
rounds of survey data taken in 2000 and 2008 in the Zhili Township children's 
garment cluster in Zhejiang Province to investigate the evolution of this industrial 
cluster. They find that the firm-level TFP in 2008 rises significantly as compared to 
that in 2000 after a large increase in the number of firms in the township. Lin, Li and 
Yang (2011) find an inverted U-shaped relationship between agglomeration and 
productivity in China's textile industries using firm-level panel dataset over the 
period of2000 to 2005. 
To draw inference from the positive correlation between agglomeration and 
productivity, two fundamental identification problems must be dealt with: the 
"endogenous quantity of labor" problem and the "endogenous quality of labor" 
problem (Combes, Duranton, Gobillon & Roux, 2010). The."endogenous quantity of 
labor" problem arises when density and productivity are simultaneously determined. 
As more productive places tend to attract more workers and hence become denser, 
studies that estimate production function at an aggregated level and treat the density 
variable as an exogenous variable are prone to the "endogenous quantity of labor" 
problem. Since Ciccone and Hall (1996), using instrumental variables has become a 
standard way to tackle this problem. Nonetheless, the impact of a firm's productivity 
on the population density of the city, which is a considerably large spatial area, is 
likely to be very small. Studies that estimate production function using firm-level 
data augmented by the city-level population density should render the "endogenous 
quantity oflabor" problem less relevant. Indeed, Combes, Duranton, Gobillon (2008), 
who use individual wage data of France, find a very small bias caused by 
endogenous quantity. On the other hand, the "endogenous quality of labor" problem 
arises when productive cities attract workers with high levels of unobserved skills. 
To address this problem, studies that estimate wage functions typically resort to 
using panel data to control for worker fixed effects since Glaeser and Mare (2001). 
Nonetheless, this is not going to work very well for studies that estimate production 
functions where information on the firm's labor quality structure is usually not 
available. 
In sum, although endogenous quantity and endogenous quality of labor will cause 
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biases that cannot be ignored, there remams quantitatively significant positive 
externality arising from agglomeration of production activities. As pointed out by 
Strange (2009), who surveyed recent literature on agglomeration economies, "we 
have strbng evidence of endogenous quality of labor, or that 'sorting matters,' but 
also strong evidence for a relationship between urbanization and a wage correcting 
for this." 
2.2 Human Capital and Agglomeration Economies 
Many possible mechanisms are suggested to explain the higher firm productivity in 
denser cities. Besides scale economies and other firm-level factors, labor market 
factors such as accumulation of human capital and better matching between 
employers and employees are also worth noting. Another· interesting aspect of the 
literature looks at how human capital and economies of agglomeration complement 
each other. Numerous studies document the fact that workers with higher observable 
skills sort themselves into denser areas and earn higher wages (Black and Henderson, 
1999; Combes et al., 2008; Hendricks, 2011; Rauch, 1993; Young, 2013). A large 
amount of evidence suggests that the urban wage premium is not just the result of 
higher ability workers living in cities, but a part of the premium accrues to workers 
due to agglomeration externalities related to human capital, notably human capital 
accumulation and better matching between workers and jobs. There is surely a need 
to compensate for the higher cost of living in big cities, but as Glaeser and Mare 
(2001) point out, the urban wage premium accrues to workers over time and stays 
with them when they leave cities. Wheeler (200 I) presents evidence that the positive 
correlation between wage growth and local population is larger for better educated 
workers than less educated workers in U.S. metropolitan areas. Studies also show 
that the correlation between per-worker productivity and city population or density is 
particularly strong for more educated cities and almost non-existent for less educated 
cities (Glaeser and Resseger, 2010; Moretti, 2004). Taking a step forward, Gould 
(2007) estimates a dynamic . programming model for both blue-collar and 
white-collar workers and finds that individuals' choice of locations and occupations 
can explain almost all the urban wage premium for blue-collar workers, but only 
explains a third of the wage premium for white-collar workers·. He concludes that a 
true urban wage premium exists only for white-collar workers. Bacolod, Blum and 
Strange (2009) estimates the impact of agglomeration on the hedonic prices of 
worker skills and show that the increase in worker productivity associated with 
agglomeration is ·larger for workers with stronger cognitive and people skills but not 
for workers with high motor skills. Moreover, Chung, Clark and Kim (2009) 
documents that virtually all of the growth in the skilled wage premium in the U.S. 
was confined to metropolitan areas over the 1980s. To make sense of the observed 
complementarity between agglomeration and observable worker skills, Wheeler 
(2006) analyses the NLSY79 data of the U.S. and finds that wage growth and local 
market size are positively correlated. His results suggest that such positive 
correlation arises from faster growth in wage because of job changes instead of 
increasing tenure on a job. And he concludes that larger cities enhance worker 
productivity through better matching between jobs and . worker skills. Similarly, 
using Japanese micro data, Morikawa (2011 b) also finds workers with higher 
education, longer tenure and work experience and other higher observable skills 
enjoy larger agglomeration premiums. In particular, he shows that higher wage 
elasticity with respect to density are found among "non-standard employees", who 
changed their jobs, than "standard employees", who only worked for one firm, when 
both groups have more than 7 years of potential experience. He concludes that in 
addition to on-the-job human capital accumulation, better matching between 
employees and employers through job changes contribute to the urban wage 
premium. 
In sum, a great number of empirical sh1dies conducted using data of the developed 
countries find workers with better educational background and longer work 
experience enjoy a larger wage premium in denser cities. The findings indicate that 
agglomeration of economic activities increases worker productivity by enabling 
faster accumulation of human capital and better matching between employees and 
employers. 
Adding onto the previous studies, this thesis investigates the links between urban 
density, human capital and productivity in service industries by estimating firm-level 
production functions of firms for a comprehensive range of service and 
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manufacturing industries, in China's cities. This thesis estimates firm-level 
production function augmented by city population density as the agglomeration 
measure, similar to the approach adopted by Morikawa (2011 a), which also studies 
agglomeration economies in service industries using micro-level data. As a follow-up 
work to Morikawa (201 la), which only covers 10 narrowly defined non-producer 
services, this thesis uses detailed production data of China that covers a total of 312 
4-digit NIC service industries. Such comprehensive coverage not only enable
verifying previous findings, but also allows for comparing the production structure 
and magnitude of agglomeration elasticity of productivity between different types of 
service industries, which is not documented in the literature. In addition, for a 
significantly large subsample of service firms in the China data, the information of 
employees' highest education attainment is provided, which is a rare information 
available in micro-level production data. Such advantage will allow for addressing 
the issue of endogenous quality of labor and revealing patterns of the 
complementarity between human capital and different types of service firms. 
lO 
Chapter 3. Research questions, Data and Methodology 
3.1 Research Questions 
The previous chapter discusses the literature on agglomeration economies in the 
manufacturing industries as well as in the service industries. This section establishes 
the research questions that are pertinent to this study on manufacturing and service 
firm-level data of China. 
The first question this thesis attempts to answer is whether economies of density 
exist in both manufacturing and service industries in China. Figure 1 offers 
motivation to explore this question. I plot the average value of firm-level log of TFP 
of the manufacturing and service sectors separately agains_t each city's population. 
And a positive correlation in between average log of TFP and population density is 
found for both sectors. The existence of economies of density in manufacturing in 
China is well supported by the literature. However, this thesis is among the first 
studies to investigate the existence of economies of density in service industries in 
China. 
After confirming the existence of economies of density in both manufacturing and 
service industries in China, this thesis moves on to compare the elasticity of 
productivity with respect to population density for the manufacturing industries with 
that for service industries. Considering that the market reach of manufacturing firms 
versus that of service firms and population density is more closely related to demand 
density for service industries than for manufacturing industries, I expect firm 
productivity will be more sensitive to local population density among service firms 
than among manufacturing firms. 
Thirdly, as this thesis studies a dataset that covers a rather comprehensive range of 
service industries, including 312 4-digit NIC industries, I divide the service firm 
sample into four subsamples (producer services other than wholesale trade, 
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non-producer services other than retail trade 1 , wholesale trade and retail trade). This 
will allow for comparisons of density effects on firm productivity among main 
categories of service industries. 
Another feature of the dataset is that it contains firm-level labor quality information. 
For a significantly large subsample of service firms, the information of employees' 
highest education attainment is provided. Therefore, it is possible for this thesis to 
control for firm-level labor quality in the estimation of production function. 
Furthermore, I will be able to look at the contribution of human capital measured in 
employees' highest education attainment to firm productivity and see how it varies 
among different main categories of service industries. 
Having identified economies of density in manufacturing and service industries, I 
will investigate some possible channels for such economies to work. As indicated in 
the literature, internal scale economies in production and positive externalities such 
as localization and urbanization economies are typical channels through which .. 
agglomeration of economic activities enhances productivity. Localization economies, 
or Marshall-Arrow-Romer economies, are positive externalities that are external to 
the firm but internal to the industry. On the other hand, urbanization economies, or 
Jacobs economies, are externalities that are external to the firm as well as the 
industry but internal to the concentrated area where the firm is located. Localization 
and urbanization economies may arise from input sharing, knowledge spillovers and 
labor pooling. Moreover, Syverson (2004) suggests the selection mechanism through 
intense competition can drive less productive firms out of a dense market, thus 
resulting in firm productivity that is positively correlated to population density. 
Considering internal economies of sca:le made possible by lower average costs of 
production, this thesis estimates the firm-level scale elasticity directly. With respect 
to localization economies, the number ofthe-same-4-digit-NIC firms within the same 
1 
The categorization of producer services is based on the 2009 "Categorization of Producer Services" 
(Beijingshi Shengchanxing Fuwuye Tongji Fenlei Biaozhun) issued by Bureau of Statistics of Beijing. See 
Appendix 1 for the details of the categorization. Although wholesale trade is classified as producer service, I 
isolate wholesale trade itself as one group because the calculation of value added is different from the other 
producer services. Retail trade is isolated as one group for the same reason. 
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zip-code area, district or city rs added as control variables alternatively. To 
comprehend the mechanism suggested by Syverson (2004 ), several measures of 
productivity dispersion for 4-digit industries with more than 5,000 country-wide 
observations will be compared between cities with higher-than-average population 
density and those with lower-than-average population density. Finally, to explore one 
of the micro-foundations of urbanization economies, this thesis makes an informal 
attempt to see if there is evidence of better labor matching in cities with denser 
employment. 
3.2 Data 
The main dataset analyzed in this thesis is from China's National Economic Census 
(NEC) by China's National Bureau of Statistics in year 2008. Introduced in 2004, the 
NEC is conducted every five years on all firms of China's secondary and tertiary 
sectors. The data collected in the census is primarily used for laying out the actual 
conditions of both sectors and obtain data to inform better policy making. The 2008 
NEC firm-level dataset is the first-published micro data for both manufacturing and 
service firms' production in China. For the purpose of this thesis, I extract a sample 
from the 2008 NEC data to include only manufacturing and service firms in 
operation that are located in 270 cities in 2008. Here a city is defined as the built-up 
area in a region on or above the prefecture level in China, following the other efforts 
that studied agglomeration in China such as Au and Henderson (2006) as well as 
Zheng et al. (2011). In China, the built-up areas are where most urban economic 
activities take place. Within this sample, there are 188,612 observations of 
manufacturing firms and 1,786,151 observations of service firms. Firms are 
classified as manufacturing firms if their 2-digit national industry classification is 
between 13 and 43, whereas those between 51 and 92 are classified as service firms2
• 
Table 1 a and 1 b shows the classification of covered manufacturing and service 
industry groups. 
The second source of data is the China City Statistical Yearbooks. The 2009 
2 Industry classification is based on "National Industrial Classification of All Economic Activities" (GB/T 
4754-2003). 
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Yearbook provides data on non-rural population and land size of a city in year 2008 
to calculate the primary measure of agglomeration ( city population density) in this 
thesis. Using the address information in the 2008 NEC data, I merge the two datasets 
to estimate the firm production function that allows for the influence of 
agglomeration. 
3.3 Methodology 
Since this thesis empirically investigates whether economies of density exist in both 
manufacturing and service industries in China, given the nature of micro data at hand, 
the most natural way is to estimate the production function. Because of similar 
setting, I adapt and extend the production function used in Morikawa (201 la). The 
regression model is as follows: 
ln Yij= /Jo+ /J1 ln L; + /J2 ln K; + /]3 ln (Popdensj) + /]4 Edupor; + /J5 MultiEst; 
+ /J6 (Industry DummiesJ + /]7 ln Num4Digit; + /Ja (Firm CharacteristicsJ +
+ t:; 
Variables in the models will be discussed in detail in the following section. 
3.4 The Dependent Variable 
The dependent variable (Yij ) is value added of firm i located in city j in year 2008. In 
the 2008 NEC, different types of firms were surveyed using different types of forms. 
Hence, for different types of firms, apart from the most basic identifying information, 
production data that are available are different across different types of firms. This 
leads to different specifications of valued added across different types of firms, 
which will be explained as follows. Valued added ( va) is directly available from the 
sample data for most of the manufacturing firms but not for any service firms. To 
tackle this, for service firms that are not in the retail or wholesale industries, va is 
calculated as: 
va = operating profit + wages and benefits + capital depreciation 
Ideally, it is preferable to include rents and interest payments in the formula of 
calculating va. These are not included in the above formula because rent data are not 
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surveyed in the 2008 NEC. Moreover, for the firms that own the premise and 
equipments, the imputed rent need not be included because the firms' operating profit 
would have included it. In addition, although interest payments data are available for 
some firms, this variable has a lot of missing values that will lead to a serious sample 
truncation and there are some negative entries that appear to be impossible to explain. 
Due to the aforementioned reasons, this version of va formula is adopted. 
For service firms that are in the retail or wholesale industries, va is calculated as: 
va = sales - cost of goods purchased + end-of-year inventory - inventory at the 
beginning of the year 
This calculation follows the primitive definition of va, which is revenue less outside 
purchases. To take care of the part of purchase that went' into inventory instead of 
sales, the change in the inventory is added. Interestingly, in the 2008 NEC dataset, 
firm's arrnual sales are provided in two entries. And when I take a closer look, the 
two entries are not necessarily equal for all observations. Hence, I use tlie 
information from both entries and take the average value of the two to estimate the 
firm's va. The estimation results are similar across the three measures of firm sales. 
Taking the average of the two entries should minimize possible measurement errors. 
In this thesis, only estimation results using the average sales measure are reported. 
3.5 The Independent Variables 
L; 
The number of employees of all the manufacturing firms and that of around 13% of 
non-retail non-wholesale service firms in the sample is reported in the dataset as the 
arrnual average number of all employees. The number of employees of the all retail 
and wholesale firms as well as the majority of the service firms is reported as the 
number of all employees at the end of 2008. Such different measures of the number 
of employees should not be a major concern. As different survey forms are used 
depending on the nature of the firms (intuitively, those whose employment tends to 
fluctuate quite a lot throughout the year were asked for the average figure while 
those whose employment tends to stay the same were asked for the end-of-year 
15 
figure), the measure of labor available in the dataset may better reflect the use of 
labor of the firms. Unfortunately, the number of hours worked are unavailable. As 
discussed in the section on research questions, for most service firms, the number of 
employe'es with different levels of education attainment is available. I shall discuss 
the variable that controls for labor quality later. 
K; 
In order to obtain a correct estimate of the production function, the availability of 
firms' fixed capital stock (K;) is important. Nonetheless, such information is only 
available for the manufacturing firms in the sample. For the service firms, only the 
original value of fixed capital stock is available. Without the information on 
cumulative depreciation and capital investment flow, I am unable to calculate the net 
value of fixed capital stock. Hence, for the service firms, I have to use the original 
value of fixed capital stock as the proxy for K;. 
As is apparent from the Cobb-Douglas structure of the production function, scale 
elasticity can be measured by the sum of the coefficients of L; and K;, 8 = /li + /h If 
8 is greater than 1, there is evidence that economies of scale exist at the firm level. To 
be cautious about the interpretation of this measure of scale elasticity, it cannot be 
interpreted as a pure technological measure of scale economy. LI is affected by factor 
of both supply side and demand side. 
Popdens1
To comply with the definition of a city in this thesis, the population density figures 
that are directly available in the 2009 China City Statistical Yearbook is inadequate. 
This is because the Yearbook calculated the population density as the ratio of the 
whole population to the size of the whole administrative area of the region that is at 
or above the prefecture level. The former includes agricultural population whereas 
the latter includes rural areas. The primary interest of this thesis concerns the city's 
urban population density. Popdens1, the population density of city j, is therefore 
calculated as the ratio of non-agricultural population to the size of the built-up area 
of the region that is at or above the prefecture level and where city j belongs to. To 
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compare the results with the literature, the log of Popdens1 is used in the estimations. 
In the case of non-producer services and retail services, the density of urban 
population can be understood as density of demand. As suggested in Morikawa 
(2011a),' the coefficients of In (Popdensj), fh, can be interpreted as the output 
elasticity with respect to demand density. 
Edupor; 
The end-of-year number of employees with a Bachelor's degree or higher 
qualifications is provided in the 2008 NEC dataset for some service firms that have 
the information of the end-of-year number of employees. For these firms, the 
variable Edupor; that indicates the proportion of employees with at least a Bachelor's 
degree of firm i is included. On the one hand, the variable is added to control for 
labor quality. On the other hand, I can estimate the effect of human capital measured 
in employees' highest education attainment on firm productivity and see how it 
varies among different main categories of service industries. 
MultiEst; 
MultiEst; is a dummy that equals 1 if the firm has at least two establishments in the 
same industry, or O if it is a single-establishment firm. Two set of opposing factors 
compete to determine the net effect of this variable. On the one hand, the different 
establishments jointly produce more and could enjoy firm-level economies of scale 
through bulk purchase and sharing of certain management overheads and know-how. 
One the other hand, because we have firm-level data instead of establishment-level 
data, if production input such as tabor and fixed capital stock are shared among 
several establishments, the economies of scale that the firm could have enjoyed will 
be smaller than if it were a single-establishment firm ceteris paribus. Moreover, 
consider a firm with multiple establishments within the same city. These 
establishments may compete with one another and may lead to measured lower 
productivity. 
Num4Digit; 
The number of firms that belongs to the same 4-digit NIC industry within the same 
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zip-code area, district, and city (Num4Digit;_z, Num4Digit;_d and Num4Digit;_c) are 
used alternatively as an additional explanatory variable to capture the agglomeration 
effects due to localization economies. Intuitively, these variables can be seen as 
same-inllustry firm density as opposed to population density. The localization 
econ_omies arise from within-industry knowledge spillover, pooling of labor market,
local industry specialization, and the like. This thesis pays attention not only to the 
coefficient of this variable on its own, but also wants to identify how the inclusion of 
Num4 Digit; may affect the coefficient of population density. 
Wpopdens1
In an informal attempt to see if there is evidence of better labor matching in cities 
with denser employment in the service industries, Edupor; is regressed on Wpopdens1
alongside other variables of firm characteristics. Wpopdens1, the working population 
density of city j, is the ratio of the working population employed in the service 
industries to the size of the built-up area of the region j that is on or above the 
prefecture level and where city j belongs to. 
Firmage;, SOE;, COE;, POE;, HMI';, and FOR; 
Additional control variables on firm characteristics are added in the supplementary 
estimations. Firmage; stands for the age of firm i's as in 2008. SOE;, COE;, POE;, 
HMI'; are FOR; are dummies for firm ownership. The firms in the dataset are 
assigned a code to indicate its type of enterprise registration. For each firm, only one 
of the variables SOE;, COE;, POE;, HMI'; are FOR; can be 1 while others equal to 0. 
SOE;, if the state owns at least some part of firm i and O otherwise. COE; is equal to 1 
if firm i is a collective enterprise with no state ownership and O otherwise. POE; is 
equal to 1 if firm i is a privately held company and O otherwise. HMYT; is equal to 1 
if firm i is a Hong Kong/Macau/Taiwan invested enterprise and O otherwise. FOR; is 
equal to I if firm i is a foreign-invested enterprise and O otherwise. 
Industry Dummies 
Finally, the 4-digit NIC industry dummies are included to capture the 
industry-specific effects. A 4-digit NIC industry dummy is equal to I if firm i is 
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categorized in the industry and O otherwise. 
3.6 Measurement Issues 
In order to estimate economies of density using the production function approach, in 
which the firm value added is the dependent variable, several measurement issues 
must be considered as also noted in Morikawa (2011a). In particular, it is important 
to take into account that the price differentials across cities will affect the estimations 
using value added. The difference of the quality of outputs and inputs across different 
firms located in different cities also affects the estimation. Furthermore, the choice of 
functional form will be discussed. 
Price differences across the 270 cities clearly will affect the estimations when the 
dependent variable is value added. The bias caused by price differences can be 
upward or downward. An upward bias in the coefficient of population density may 
appear if the prices of products and services are higher in denser cities because of 
larger demand and higher cost ofliving. Casual observation of taxi fare across denser 
cities and less dense cities can give an illustration of the phenomenon that is just 
described. On the contrary, the coefficient of population density may be biased 
downward when the markup is lowered by intense competition in denser cities. To 
give a concrete example, replacing the broken screen of an IPhone is much cheaper 
in the Huangqiangbei business zone of Shenzhen than in Huizhou3 . Nonetheless, no 
firm-level price information could be found in the 2008 NEC dataset. Furthermore, 
city-level price level information cannot be found. Without this information, the 
effect of the price differentials cannot be quantified. As a cautionary note, when 
interpreting the results shown later, readers must keep in mind that the effects of 
price level differences across cities are not controlled for in this thesis. Nonetheless, 
information of minimum wages is available for the cities, which can be used as a 
proxy for price level for each city, though not ideal. In the robustness check section, I 
will normalize the value added of retail trade and non-producer service firms, whose 
output is only locally consumed as opposed to manufacturing firms and other types 
of service firms, to determine the direction of bias caused by price differences across 
31-Iuizhou is one of Shenzhen 's neighbor cities and not as densely populated as Shenzhen. 
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cities. 
The quality of output is closely related to the price-differential problem mentioned 
above. Intense competition may cause the firms located in denser cities to produce 
more differentiated products and services while charging the same price as their 
counterparts in cities that are less dense. The 2008 NEC data does not contain 
information on the quality of outputs. However, if the firms in denser cities face 
intense competition and intend to differentiate themselves by producing outputs that 
are of higher quality at the same price. In this case, the true elasticity of firm 
productivity with respect to population density will be higher than the estimated 
value. As a result, the conclusion of the thesis will be stronger inter alia.
The quality of input is another important measurement issue. The input considered in 
this thesis is capital and labor. As noted in the independent variable description, I 
have to use the original value of the firm's fixed assets as the proxy for the capital 
variable of all service firms. As the dataset used in this thesis does not contain capital 
quality information, a loose way to control for the quality of capital is to include the 
firm age variable. 
An additional input for production considered is labor. In the literature that attempts 
to infer causality from density to productivity using aggregate data or micro-data 
without the information on labor quality, the labor quality difference among cities 
stands as the "endogenous quality of labor" problem (Combes et al., 2010). The 
endogenous bias may arise when more productive workers self-select themselves 
into denser cities. In the micro-data used in this thesis, I have firm-level information 
of employees' education attainment. Using this information as a proxy for the ability 
of the workforce alleviates the problem caused by the quality oflabor. 
Considering the "endogenous quantity of labor" problem (Combes et al., 2010), the 
use of the firm-level data should render this problem less relevant. It is true that more 
productive places tend to be attractive to workers and become denser this way. 
Nonetheless, the impact of one firm's productivity on the population density of the 
city, which is a considerably large spatial area, is likely to be very small. As 
20 
discussed earlier, studies that estimate production function usmg firm-level data 
augmented by the city-level population density should render the "endogenous 
quantity of tabor" problem less relevant. For instance, Combes, Duranton, Gobillon 
(2008), who use individual wage data of France, find a very small bias caused by 
endogenous quantity. 
The detailed 2008 NEC data are firm-level instead of establishment-level data, and 
consequently any multi-establishment firm can have establishments at a number of 
different locations. However, as shown later, only 4% of the firms in the sample are 
multi-establishment firms. In other words, the majority of the sample are de facto 
establishment-level data. The results excluding the multi-establishment firms are 
similar to the results obtained from using the whole sample. Only results obtained 
from using the whole sample will be presented in the next section. 
Finally, the Cobb-Douglas specification may be too restrictive as the functional form 
in estimating the production function. Eberts and McMillen (1999) discuss the 
controversial issue of choosing the functional form to estimate the economies of 
agglomeration. As a robustness check of the results, results obtained by using the 
translog production function will also be provided: 
In Yy= /Jo + /Ji In L, + /J2 In K, + (1/2) /Jn (In LJ2 +(1/2) /J22 (In KJ2 + /J12 In L, In K, 
+ (]3 In (Popdens) + (]4 Edupor, + (]5 MultiEst, + /J6 (Industry DummiesJ + (]7 
In Num4Digit, + /Js (Firm CharacteristicsJ + e, 
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Chapter 4. Empirical Results 
4.1 Summary Statistics 
Among the 188,612 manufacturing firms and the 1,786,151 service firms that are 
surveyed in the 2008 NEC and are located in the cities on or above the prefecture 
level, there are 174,400 manufacturing firms and 853,005 service firms that have 
enough information for estimating their production functions. These firms will make 
up the sample studied in this thesis. Table 2a and Table 2b report the summary 
statistics of the dependent variables and the independent variables of the 
manufacturing-firm sample and the service-firm sample respectively. 
For the manufacturing-firm sample, the mean value added is around 131.9 million 
Yuan, much higher than the mean value added for the service-firm sample which is 
3.9 million. On average, a manufacturing firm in the sample employs 220 workers 
whereas a service firm employs 26 workers. The average fixed capital stock for a 
manufacturing firm in the sample is 29 .3 million Yuan compared to 9 .4 million Yuan 
for a service firm. When we look at the distribution of population density of the cities 
where the firms are located, we see that a firm is more likely to be located in a denser 
city if we randomly pick a firm from the manufacturing-firm sample than from the 
service-firm sample. For both the manufacturing-firm sample and the service-firm 
sample, only 4% of the firms are not single-establishment firms. An average 
manufacturing firm has 7, 28 and 72 own-industry neighbor firms, which share the 
same 4-digit NIC, located in the same zip-code area, district and city respectively. On 
the other hand, an average service firm has 55, 212 and 934 own-industry neighbor 
firms located in the same zip-code area, district and city respectively. The mean age 
of the manufacturing firms is 8 years, about 3 years more than the mean age of the 
service firms. 93% of all manufacturing firms in the sample are privately held 
companies (67%), Hong Kong/Macau/Taiwan invested enterprises (12%) or 
foreign-invested enterprises (14%), leaving the remaining 7% to be state-owned or 
collectively owned. However, 87% of all service firms in the sample are privately 
held companies while state-owned (4%) and collectively-owned (6%) service firms 
add up to 10%, leaving the remaining 3% to be Hong Kong/Macau/Taiwan invested 
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or foreign-invested enterprises. Out of the Hong Kong/Macau/Taiwan invested firms, 
more than 97% (92%) are under sole proprietorship in manufacturing (service). 
Besides, out of the foreign-invested firms, more than 59% (65%) are under sole 
proprietorship in manufacturing (service). 
Table 3a, Table 3b, Table 3c and Table 3d present the summary statistics of the 
dependent variables and the independent variables of the four subsamples-producer 
services, non-producer services, wholesale trade and retail trade-0f the service firm 
sample respectively. One of the most evident characteristics of the 
non-producer-service firms is that on average a non-producer-service firm employs 
the largest number of workers ( 40) compared to the three other groups. However, its 
proportion of workers with a Bachelor's degree or higher is the lowest of the four 
(23%). As expected, an average producer-service firm has the highest share of 
workers with at least a Bachelor's degree (41%), although it employs fewer workers 
(33) compared to an average non-producer service firm. The mean number of
workers of the wholesale trade firms is around 8 whereas the mean share of workers 
with at least a Bachelor's degree is 27%. On the other hand, _the retail trade firms, on 
average, employ 10 workers while the average share of workers with at least a 
Bachelor's degree is 30%. 
4.2 Economies of Population Density 
The estimated ordinary least squares regression results for the manufacturing-firm 
sample and the service-firm sample are presented in Table 4a and Table 4b. To deal 
with heterosccdasticity arising from the large cross-sectional dataset, robust standard 
errors are reported. 
The focus of this thesis is the coefficient of population density. In a representative 
survey, Rosenthal and Strange (2004) argue that the "consensus" about the size of 
urban agglomeration elasticity of productivity is roughly between 3% and 8%4• Table 
5 summarizes the OLS estimates of the effect of population density on firm 
4 The studies surveyed by Rosenthal and Strange (2004), as discussed, rely on aggregate-level data or data of the 
manufacturing industry 
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productivity using different specifications. There is slight difference, no greater than 
1.03 percentage points, between estimates obtained from specifications that use 
different levels of Num4Digit; and I only include the figures that concerns 
Num4Digit; at the zip-code level in Table 5. For all of the three specifications, the 
estimated coefficients for the manufacturing-firm sample fall in the interval between 
0.074 and 0.075, while those for the service-firm sample are around 0.1 to 0.11. The 
implication is that given other things unchanged, when a city's population density 
doubles, a manufacturing firm's productivity will increase by around 7.4% to 7.5% 
whereas a service firm's productivity will increase by around 10% to 11 %. The 
estimated elasticity of productivity with respect to population density for 
manufacturing firms is close to the upper bound of the consensus interval. Besides, 
similar to what is found in Morikawa (201 la), the figures estimated for the service 
firms are larger than the upper bound of the consensus interval by at least 2 
percentage points. 
Table 6a reports the OLS results for the service-firm sample. The information in the 
service-firm dataset allows me to control for labor quality, the education attainment 
of employees. As seen in Table 6a, the coefficients of ln (Popdensj) fall into the range 
of 0.103 to 0.113, which are similar to but slightly higher than the estimated values in 
the specifications without the control for labor quality. Hence, at least for the 
service-firm sample as a whole, the exclusion of quality of labor input is likely to 
cause a downward bias smaller than 1 percentage point in the estimation of the 
elasticity of productivity with respect to population density. 
The service-firm dataset covers a rather comprehensive range of service industries, 
including 312 4-digit NIC industries. It is sensible to suspect the production function 
may vary among different types of service firms. Therefore, I divide the service firms 
sample into four subsamples (producer services excluding wholesale trade, 
non-producer services excluding retail trade, wholesale trade and retail trade). By 
definition, producer service firms sell services to firms rather than households, just 
the opposite from non-producer service firms. For example, the elasticity of 
productivity with respect to density for the producer-service firms is likely to be 
smaller than that of non-producer service firms because population density is more 
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like a direct measure of demand density for non-producer service firms. 
In Table 6b and Table 6c, OLS regression results are reported for each subsample. 
The coefficients of In (Popdens) are around 0.06, 0.11, 0.13, 0.19 for 
producer-services, non-producer services, wholesale trade and retail trade firms 
respectively. In other words, when the city's population density where the firm is 
located is doubled, the productivity of the firm will increase by 6% if it is a producer 
service firm, by 11 % if it is a non-producer service firm, by 13% if it is a wholesale 
trade firm, and by 19% if it is a retail trade firm. The population density elasticities 
are smaller for producer services as compared to other subsamples. As discussed in 
the previous paragraph, population density can be seen as a direct measure of 
demand density for non-producer service, wholesale trade and retail trade firms. As 
opposed to the other three groups, the demand for the services provided by the 
producer-service firms arises from firms instead of households. In other words, for 
the sake of producer-service firms, only partial effect of demand density is captured 
in the effect of population density on producer-service firms' productivity. 
Furthermore, using the results obtained from the U.S. ready-mixed concrete industry, 
Syverson (2004) suggests intense competition in dense markets can drive inefficient 
firms out as consumers switch to more efficient suppliers, thus causing firm 
productivity to increase with population density. Theoretically, this is especially true 
for industries that produce more similar products or goods, which makes it easier for 
consumers to switch from supplier to supplier. To find out if the services firms are 
selected by such selective mechanism, for the 4-digit NIC service industries with 
more than 5,000 observations, three indices of productivity dispersion (P75/P25, 
P90/P 10, and log variance) are calculated for cities with population density that is 
higher than average and those with population density that is lower than average 
respectively. Productivity in this thesis is estimated as In TFP;= In Yy - fJ1 In L; - fJ2 ln 
K;. Table 9 shows the indices for 17 4-digit NIC service industries with more than 
5,000 observations across the country in the dataset. For wholesale of metal and 
metal ore, investment and asset management, accounting, audit and tax service, 
advertising, project geological prospecting, and technology promotion service, all of 
the three dispersion indexes are smaller in cities with higher-than-average population 
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density, which is consistent with Syverson (2004)'s results. Nonetheless, for cargo 
transport agency services, computer system service, wholesale trade of hardware and 
electrical equipment, and retail trade of computer, software and assistive device, all 
of the 'three dispersion indexes are greater in cities with higher-than-average 
population density. Overall, consistent with what is found in Morikawa (2011a), 
Syverson's (2004) theory is not supported by the data of service industries used in 
this thesis. In general, the distributions of firm productivity are higher in denser cities 
although they may not be truncated from below. 
4.3 Economies of Scale 
In Table 7, I present the estimated scale elasticity for the manufacturing-firm and the 
service-firm sample using production function specifications that may or may not 
include the Num4Digit; and the Firm Characteristics;. The· estimated scale elasticity 
is pretty similar no matter which level of Num4Digit; is used and I only include the 
figures that concerns Num4Digit; at the zip-code level. As shown in Table 7, the scale 
elasticity figures estimated for the service-firm sample all exceed unity with I% 
significance. On the contrary, the figures for the manufacturing-firm sample are all 
below one and fail to pass the t-test. The results are in line with the findings in· 
Morikawa (2011a) that the scale economies in service industries are larger than those 
in manufacturing industries. The results indicate that there exists firm-level economy 
of scale among the service firms, estimated to be between 1.04 and 1.05. And 
although I have a more reliable information of fixed capital stock for the 
manufacturing firms, there is no evidence that economies of scale exist in average 
manufacturing firms. Such results are consistent with what is found in Morikawa 
(2011a) and may indicate excess capacity in the manufacturing sector of China. 
It is also interesting to note that the coefficients of the dummy that indicates whether 
the firm has multiple establishments (MultiEst;) are positive (negative) and 
statistically significant at the 0.1 % for all specifications for the 
manufacturing(service)-firm sample. For the specification of production function that 
includes all of the control variables, the coefficient is greater than 0.12 for 
manufacturing and less than -0.06 for services. This implies, ceteris paribus, the 
productivity of a manufacturing firm with multiple establishments is more than 12% 
26 
higher than that of a manufacturing firm with only 1 establishment. On the contrary, 
ceteris paribus, the productivity of a service firm with multiple establishments is 
more than 6% lower than that of a firm with only 1 establishment. These suggest 
different production structures among manufacturing and service firms. After all, 
manufacturing firms are much larger than service firms in the sample. Owning a 
subsidiary firm may mean different things for a manufacturing firm than for a service 
firm. Adding several production lines by opening a new subsidiary factory may 
reflect the need to expand production due to higher domestic or overseas demand. 
This will allow the firm to enjoy economies through bulk purchase and sharing of 
certain management overheads and know-how, resulting in higher measured 
productivity. Considering the manufacturing sector's decreasing return to scale 
presented in the previous paragraph, having a subsidiary factory or not may draw a 
line between the manufacturing firms that are more able to exploit their production 
capacity and those that are having excess capacity. On the other hand, for smaller 
service firms that face intense competition, opening subsidiaries may reflect the need 
to establish its presence at a number of locations to compete for customers. If this is 
the case, there service firm establishments may compete with one another and may 
lead to lower measured productivity. 
We should be cautious about the interpretation of this measure of scale elasticity. 
Basu, Fernald, and Kimball (2006) note that the measured total TFP are affected by 
input utilization, which also implies that the estimated scale elasticity is affected by 
factors of both supply side and demand side. They find a larger difference between 
the observed the purified TFP in nonmanufacturing industries than that in the durable 
manufacturing industries. Indeed, input utilization is especially important for the 
service firms that cannot possibly stockpile inventory. As opposed to the 
manufacturing firms, the market reach of the service firms tend to be more local and 
the service firms produce almost exactly what their customers demand. Hence, in a 
cross-sectional setting, the estimated scale elasticity of a service firm, which is 
located in a city that is losing its population, is likely to be biased upward because its 
input utilization is lower. Nonetheless, although the estimated scale elasticity is not a 
pure technological measure of scale elasticity, it allows us to see the effects of factors 
of both supply side and demand side. 
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Firms in denser cities may also benefit from economies of scale if they are larger in 
size. To measure the average firm size of each city, similar to Syverson (2004), I use 
the average logged value added of all firms. Table 8 shows that the average size of 
firms increases with population density in both manufacturing and services, but the 
coefficient is significant only for the wholesale-firm sample. 
4.4 Localization Economies 
In the production functions estimated m this thesis, the number of 
the-same-4-digit-NIC firms within the same zip-code area, district and city 
(Num4Digit;_z, Num4Digit;_d and Num4Digit;_c) are used alternatively as an 
explanatory variable. As discussed, these variables can be seen as same-industry firm 
density as opposed to population density and are included to measure localization 
economies at different geographic levels. The inclusion of different level of 
Num4 Digit; does not affect the coefficients of population density significantly. Table 
10 summarizes the coefficients of the three levels of Num4Digit; for the service 
subsamples obtained by using all the other independent variables including Edupor; 
and firm characteristics. 
For the producer-service-firm subsample, the coefficients of all levels of Num4Digit; 
are positive and significant and the magnitude is the largest at the city level. For the 
non-producer-service-firm subsample, the coefficient of zip-code level of Num4Digit; 
is positive and significant while the coefficients of district and city level of 
Num4Digit; are negative. Similarly for the retail-trade-firm subsample, only the 
coefficient of zip-code level of Num4Digit; is positive and significant and the 
coefficient of the district and city level of Num4 Digit; is negative and insignificant 
respectively. For the wholesale-trade-firm subsample, the zip-code and district level 
of Num4Digit; are both positive and significant and the coefficient is negative at the 
city level. On the other hand, in Table 4a we can see that the coefficients of 
Num4Digit; at all levels are positive and significant at the 0.1 % level for the 
manufacturing sample5 • 
5 For the manufacturing-firm sample, because the information on labor quality is not available, I cannot control 
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In general, these results suggest that the scope of localization economies may be 
different from industry to industry. The coefficient of zip-code level of Num4Digit; is 
positive and significant at the I% level at least for all service subsamples, which 
indicates that the firm's productivity is positively correlated with the number of firms 
that are directly competing with it within a zip-code area. Moreover, these 
coefficients that capture localization economies turn negative when the scope 
increases from zip-code area to city area for the non-producer firms, retail trade firms 
and wholesale trade firms. If a firm mainly serves the local clientele, and similar 
firms cluster together to provide differentiated services, there are localization 
economies. For instance, people may go to "food street" because they can surely find 
the food of their choice. However, if the same number of firms are spread all over a 
large area, or if clients have another food street closer to them at their choice, the 
advantages are not apparent. This illustrates that while local clustering of 
same-industry firms brings about positive externality, firms located in farther parts of 
the same city will attract business elsewhere and bring down productivity. 
4.5 Human Capital and Population Density 
The variable, Edupor;, indicates the proportion of employees with at least a 
Bachelor's degree of firm i. Consistent with the common impression that jobs in 
producer services are more skill-intensive, as shown in Table 3a, 3b, 3c and 3d, the 
average Edupor of the producer firms is the highest among the four service firms 
subsamples. The coefficients of the Edupor; for the service subsamples are presented 
in Table 11. The coefficients are higher for the producer-service firms than for the 
non-producer-service firms albeit on average Edupor of the former is 18 percentage 
points higher. It can be inferred that, ceteris paribus, the productivity of a 
producer-service firm increases by about 0.27% for every percentage point increase 
in Edupor; and that of a non-producer-service firm increases by 0.18% under the 
same circumstances. Also, the productivity of a wholesale-trade-service firm 
increases by about 0.26% for every percentage point increase in Edupor; and that of a 
non-producer-service firm increases by 0.29% under the same circumstances. 
for it in those regressions. 
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To explore one of the micro-foundations of urbanization economies, this thesis also 
makes an informal attempt to see if evidence supports better labor matching in cities 
with denser employment. First, I regress the log of Wpopdensj on the log of Popdensj
and find the elasticity of a city's working population density of the service industry 
with respect to population density to be 0.535, significant at the 0.1 % level. Then I 
regress Edupor; on Wpopdensj of the city where firm i is located and other firm 
characteristics. As reported in Table 12, only for the subsample of producer-service 
firms, the coefficient of Wpopdensj is positive and significant at the 1 % level. On the 
contrary, for service industries where jobs are less skill-intensive, the coefficients of 
Wpopdensj are negative and significant at the 0.1 % level. In other words, in cities 
that are more densely populated, working population will be more densely employed 
in service industries. And workers with a Bachelor's degree or higher will be more 
likely to be employed in producer services and less likely to be employed in 
non-producer services, wholesale and retail trade. However, it is difficult to draw any 
conclusive interpretation from these results. 
4.6 Robustness Check 
The Cobb-Douglas specification of the regression may be too restrictive as the 
functional form. As a robustness check of the main results, I compare the coefficients 
of ln (Popdensj) and Edupor; obtained from estimating the translog and 
Cobb-Douglas production functions in Table 13a and Table 13b respectively. The 
coefficients are not only significant at the 0.1 % level in both cases but are also 
similar in magnitude. 
Finally, as discussed in section 3.6, price differences across the 270 cities clearly will 
affect the estimations when the dependent variable is value added. As information of 
minimum wages is available for the cities, this can be used as a proxy for price level 
for each city, though not ideal. I normalize the value added of manufacturing firms, 
producer-service firms, non-producer-service firms, wholesale-trade and retail-trade· 
firms with respect to the ratio of city-level minimum wage to average minimum 
wage. The results are presented in Table 14a, Table 14b and Table 14c. Compared to 
the results obtained from the production functions that use value added at the face 
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value, the coefficients of population density are much larger and highly significant. 
Moreover, some may argue that minimum wage is not an ideal proxy for the urban 
price level. Brandt and Holz (2006) constructs province-level urban price indices for 
the yeat's 1984-2004, which is a rare price level information of China. I use the ratio 
of the 2004 provincial urban prices to the national urban prices to conduct an 
additional normalization on firms' value added. The results are presented in Table 
15a, Table 15b and Table 15c, and are consistent with the results obtained from the 
minimum wage normalization. Although the magnitude of the coefficients may not 
be accurately estimated due to the nature of minimum wage and the provincial price 
indices, these results give me some confidence to suspect the previous estimates of 
density elasticity of firm productivity are biased downward for the retail trade and 
non-producer service firms. This can happen when the markup is lowered by intense 
competition in denser cities in these industries. 
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Chapter 5. Conclusion 
This thesis empirically investigates the links between urban density, human capital 
and pro�uctivity in service industries using China's micro data from the 2008 NEC. 
By using firm-level data of manufacturing and service industries in China, the thesis 
estimates the cross-sectional production function for different types of service 
industries and highlights how population density affects firm productivity in between 
them and as compared to manufacturing industries. In estimating the production 
function for the different types of service firms, I am able to control for the quality of 
labor measured in education attainment. To explore if there is evidence of better 
labor matching in cities with denser employment, I regress the service firms' share of 
labor that holds a Bachelor's degree or higher on employment density and other firm 
characteristics. 
The major results of the thesis are summarized as below: 
(I) The service firms exhibit significant economies of population density as a whole,
which is larger in magnitude as compared to the manufacturing firms. When a city's 
population density doubles given other things unchanged, the productivity of a 
service firm will increase by around I 0% to 11 %, whereas a manufacturing firm's 
productivity will increase by around 7.4% to 7.5%. These results are obtained when 
firm characteristics such as multi-establishment firm dummy, firm age and ownership 
type are controlled for. In addition to positive externalities brought about by the 
clustering of firms and population, population density directly increases the business 
volumes of service firms and helps boost productivity. 
(2) The productivity of a producer-service firm increases by about 0.27% for every
percentage point increase in the proportion of the firms' employees with at least a 
Bachelor's degree. Under the same circumstances, the productivity of a 
non-producer-service firm only increases by 0.18%. On the basis that 
producer-service firms have already employed a larger proportion of highly educated 
workers on average, the productivity of producer-service firms are more 
complementary with workers' education. 
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(3) In cities that are more densely populated, working population will be more
densely employed in service industries. And a larger proportion of workers with a
Bachelor's degree or higher will be employed in producer services whereas firms of
non-producer services, wholesale and retail trade hire a smaller proportion of
workers with at least a Bachelor's degree.
(4) Finally, the first two points hold when translog production functions, whose
functional form is considered less restrictive, are estimated.
The results presented support a highly significant positive correlation between 
service industry productivity and population density. In theory, economies of 
agglomeration may arise from various sources: internal scale economies, positive 
externalities such as localization economies and urbanization economies, and the 
mechanism of firm selection driven by intense competition (Syverson, 2004). The 
results of this thesis indicate significant internal scale economies and localization 
economies in all service industries whereas the implications for the selection 
mechanism through intense competition are mixed. Although this thesis does not 
directly estimate the size of urbanization economies, the evidence shown for better 
labor matching in denser cities suggests a more efficient labor market in densely 
populated areas. It is also important to take into account of demand effect knowing 
that the coefficients of density of service industries are higher than for manufacturing 
industries. High local demand can lead to a high-input utilization rate and efficient 
production planning, which is especially important for service industries that are 
characterized by simultaneous production and consumption. 
Although a positive relationship between population density and firm productivity is 
supported by evidence from this thesis, a number of cities in China are facing 
daunting costs of congestion. To accomplish the growth target for the service sector 
put forward in the 12'h Five-Year Plan, the Chinese government must handle the 
trade-off between productivity improvement and other policy goals. 
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This thesis adds to the new literature that documents the larger economies of 
agglomeration (or density) in service industries by covering a broader range of 
service industries as well as the literature that focuses on the complementarity 
betweeri agglomeration and human capital. Nonetheless, readers should note the 
limitations of the data used: the inaccurate measure of current capital stock, the 
missing information of rent and hours worked and the lack of the longitudinal 
production data. Future research will depend on better quality and availability of 
panel disaggregated data. 
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Figure 
Figure 1. Average Productivity and Population density in China’s 270 Cities 
 
Notes to Graph 1: Log of TFP of manufacturing and service firms are calculated as the Solow residuals of the 
standard Cobb-Douglas production function. Then the average value of log of firm-level TFP are derived for the 
manufacturing and service sectors respectively for each city. 
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Tables 
Table 1a. Covered Manufacturing Industries 
2-digit NIC   
13 Processing of food from agricultural products 
14 Manufacture of foods 
15 Manufacture of beverages 
16 Manufacture of tobacco 
17 Manufacture of textiles 
18 Manufacture of textile, apparel, footwear, and caps 
19 Manufacture of leather, fur, feather and related products 
20 Processing of timber, manufacture of wood, bamboo, rattan, palm, 
and straw products 
21 Manufacture of furniture 
22 Manufacture of paper and paper product 
23 Printing and recorded media  
24 Manufacture of articles for culture, education and sport activity 
25 Processing of petroleum, coking, processing of nuclear fuel 
26 Manufacture of chemical raw materials and chemical products 
27 Manufacture of medicines 
28 Manufacture of chemical fibers 
29 Manufacture of rubber 
30 Manufacture of plastics 
31 Manufacture of non-metallic mineral products 
32 Smelting and processing of ferrous metals 
33 Smelting and processing of non-ferrous metals 
34 Manufacture of metal products 
35 Manufacture of general purpose machinery 
36 Manufacture of special purpose machinery 
37 Manufacture of transport equipment 
39 Manufacture of electrical machinery and equipment 
40 Manufacture of communication equipment, computers and other 
electronic equipment 
41 Manufacture of measuring instruments and machinery for cultural 
activity and office work 
42 Manufacture of artwork and other manufacturing 
43 Recycling and disposal of waste 
Notes to Table 1a: English language titles are from Holz (2013). 
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Table 1b. Covered Service Industries 
2-digit NIC   
51 - 59 Transport, storage, and postal services 
60 - 62 Information transfer, computer services, and software 
63, 65 Wholesale and retail trades 
66, 67 Accommodation and catering 
68 - 71 Finance  
72 Real estate 
73, 74 Leasing and business services 
75 - 78 Scientific research, polytechnic services, and geological prospecting 
79 - 81 Administration of water, environment, and public facilities 
82, 83 Resident and other services 
84 Education  
85 - 87 Health care, social insurance/welfare 
88 - 92 Culture, sports, and entertainment 
Notes to Table 1b: English language titles are from Holz (2013). 
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Table 2a. Summary Statistics of the Manufacturing-Firm Sample 
Variable N mean min p25 p50 p75 max sd 
Dependent Variable         
Yij (thousand Yuan) 174400  131888.80  1.00  10705.00  23403.00  62594.50  193000000.00  1326567.00  
Independent Variable         
Li (person) 174400  219.60  1  41  81  180  198971  997.13  
Ki (thousand Yuan) 174400  29298.60  1.00  1040.00  3382.00  11481.50  83600000.00  390135.70  
Popdensj (person/km2) 174400  9431.05  1714.00  7039.21  8771.95  11344.86  39784.62  4373.50  
MultiEsti 174400  0.04  - - - - - - 
Num4Digiti_c (firm) 174400  72.25  1  6  24  80  1039  128.83  
Num4Digiti_d (firm) 174400  27.86  1  2  7  25  494  57.50  
Num4Digiti_z (firm) 174400  6.89  1  1  2  5  223  16.86  
Firmagei (year) 174400  8.36  0  4  6  11  218  8.07  
SOEi 174400  0.02  - - - - - - 
COEi 174400  0.04  - - - - - - 
POEi 174400  0.67  - - - - - - 
HMTi 174400  0.12  - - - - - - 
FORi 174400  0.14  - - - - - - 
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Table 2b. Summary Statistics of the Service-Firm Sample 
Variable N mean min p25 p50 p75 max sd 
Dependent Variable         
Yij (thousand Yuan) 853005  3948.28  1.00  120.00  347.00  1050.00  237000000.00  274726.10  
Independent Variable         
Li (person) 853005  26.42  1  4  8  15  352000  469.59  
Ki (thousand Yuan) 853005  9420.04  1.00  60.00  248.00  914.00  951000000.00  1058896.00  
Popdensj (person/km2) 853005  8611.03  1714.00  7039.21  7768.66  9982.21  39784.62  3238.28  
MultiEsti 853005  0.04  - - - - - - 
Num4Digiti_c (firm) 853005  933.57  1  54  236  975  14399  1758.24  
Num4Digiti_d (firm) 853005  211.98  1  16  56  175  4619  508.06  
Num4Digiti_z (firm) 853005  54.68  1  5  17  50  2529  136.08  
Firmagei (year) 853005  5.41  0  2  4  7  155  6.06  
SOEi 853005  0.04  - - - - - - 
COEi 853005  0.06  - - - - - - 
POEi 853005  0.87  - - - - - - 
HMTi 853005  0.01  - - - - - - 
FORi 853005  0.02  - - - - - - 
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Table 3a. Summary Statistics of the Producer-Service Firms in the Service-Firm Sample 
Variable N mean min p25 p50 p75 max sd 
Dependent Variable         
Yij (thousand Yuan) 342644 5516.79  1.00  123.00  325.00  1016.00  55600000.00  151408.30  
Independent Variable         
Li (person) 342644 32.94  1  4  8  16  81009  322.16  
Ki (thousand Yuan) 342644 16491.52  1.00  76.00  300.00  1081.00  951000000.00  1655428.00  
Popdensj (person/km2) 342644 8510.17  1714.00  7039.21  7768.66  9982.21  39784.62  3026.51  
Edupori  232587 0.41  0.00  0.14  0.33  0.67  1.00  0.32  
MultiEsti 342644 0.04  - - - - - - 
Num4Digiti_c (firm) 342644 1061.64  1  60  247  1178  8349  1830.90  
Num4Digiti_d (firm) 342644 259.03  1  18  61  201  3572  577.75  
Num4Digiti_z (firm) 342644 52.09  1  6  18  52  1131  101.43  
Firmagei (year) 342644 5.13  0  2  4  7  143  5.74  
SOEi 342644 0.05  - - - - - - 
COEi 342644 0.05  - - - - - - 
POEi 342644 0.86  - - - - - - 
HMTi 342644 0.01  - - - - - - 
FORi 342644 0.02  - - - - - - 
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Table 3b. Summary Statistics of the Non-Producer-Service Firms in the Service-Firm Sample 
Variable N mean min p25 p50 p75 max sd 
Dependent Variable         
Yij (thousand Yuan) 208918 3977.67  1.00  162.00  445.00  1244.00  7774000.00  39250.98  
Independent Variable         
Li (person) 208918 40.29  1  6  12  27  352000  853.74  
Ki (thousand Yuan) 208918 10355.14  1.00  100.00  391.00  1606.00  69600000.00  288593.00  
Popdensj (person/km2) 208918 8692.48  1714.00  7039.21  8156.34  9982.21  39784.62  3154.12  
Edupori  69096 0.23  0.00  0.00  0.13  0.33  1.00  0.27  
MultiEsti 208918 0.06  - - - - - - 
Num4Digiti_c (firm) 208918 545.88  1  34  144  592  5343  894.12  
Num4Digiti_d (firm) 208918 91.34  1  11  38  106  1429  150.37  
Num4Digiti_z (firm) 208918 26.19  1  4  13  34  392  36.57  
Firmagei (year) 208918 6.35  0  2  4  8  150  7.10  
SOEi 208918 0.07  - - - - - - 
COEi 208918 0.08  - - - - - - 
POEi 208918 0.83  - - - - - - 
HMTi 208918 0.02  - - - - - - 
FORi 208918 0.01  - - - - - - 
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Table 3c. Summary Statistics of the Wholesale Trade Firms in the Service-Firm Sample 
Variable N mean min p25 p50 p75 max sd 
Dependent Variable         
Yij (thousand Yuan) 113265 737.18  1.00  64.00  218.00  696.00  6974920.00  21238.99  
Independent Variable         
Li (person) 113265 8.36  1  3  5  9  1247  16.30  
Ki (thousand Yuan) 113265 612.71  1.00  31.00  127.00  468.00  657565.00  3549.83  
Popdensj (person/km2) 113265 8672.60  1714.00  7039.21  7712.35  9902.10  39784.62  3692.60  
Edupori  52109 0.27  0.00  0.00  0.20  0.40  1.00  0.29  
MultiEsti 113265 0.05  - - - - - - 
Num4Digiti_c (firm) 113265 529.50  1  41  158  564  5513  941.76  
Num4Digiti_d (firm) 113265 156.79  1  13  36  102  4317  500.03  
Num4Digiti_z (firm) 113265 43.85  1  5  12  32  2529  175.25  
Firmagei (year) 113265 5.27  0  2  4  7  152  6.18  
SOEi 113265 0.02  - - - - - - 
COEi 113265 0.07  - - - - - - 
POEi 113265 0.91  - - - - - - 
HMTi 113265 0.00  - - - - - - 
FORi 113265 0.00  - - - - - - 
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Table 3d. Summary Statistics of the Retail Trade Firms in the Service-Firm Sample 
Variable N mean min p25 p50 p75 max sd 
Dependent Variable         
Yij (thousand Yuan) 188178 2992.42  1.00  119.00  377.00  1200.00  237000000.00  546249.90  
Independent Variable         
Li (person) 188178 9.99  1  4  6  10  4113  22.12  
Ki (thousand Yuan) 188178 806.96  1.00  44.00  168.00  512.00  1139274.00  5696.24  
Popdensj (person/km2) 188178 8667.21  1714.00  7039.21  7816.33  10232.24  39784.62  3401.92  
Edupori  101819 0.30  0.00  0.08  0.24  0.45  1.00  0.28  
MultiEsti 188178 0.03  - - - - - - 
Num4Digiti_c (firm) 188178 1374.02  1  103  465  1472  14399  2449.30  
Num4Digiti_d (firm) 188178 293.45  1  29  99  289  4619  598.37  
Num4Digiti_z (firm) 188178 97.55  1  8  28  93  1991  205.94  
Firmagei (year) 188178 4.98  0  2  4  7  155  5.12  
SOEi 188178 0.02  - - - - - - 
COEi 188178 0.03  - - - - - - 
POEi 188178 0.93  - - - - - - 
HMTi 188178 0.01  - - - - - - 
FORi 188178 0.01  - - - - - - 
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Table 4a. OLS Regression Results for the Manufacturing-Firm Sample 
  Manufacturing-Firm Sample 
 (1) (2) (3) (4) (5) (6) (7) 
  ln Yij ln Yij ln Yij ln Yij ln Yij ln Yij ln Yij 
ln Li 0.603*** 0.603*** 0.602*** 0.603*** 0.616*** 0.615*** 0.615*** 
 (0.00261) (0.00260) (0.00261) (0.00260) (0.00265) (0.00266) (0.00265) 
ln Ki 0.230*** 0.232*** 0.231*** 0.231*** 0.225*** 0.223*** 0.223*** 
 (0.00164) (0.00165) (0.00165) (0.00164) (0.00166) (0.00167) (0.00166) 
ln (Popdensj) 0.0746*** 0.0665*** 0.0736*** 0.0751*** 0.0662*** 0.0728*** 0.0740*** 
 (0.00406) (0.00408) (0.00406) (0.00406) (0.00406) (0.00405) (0.00404) 
MultiEsti 0.0963*** 0.0932*** 0.0979*** 0.0971*** 0.126*** 0.130*** 0.129*** 
 (0.0106) (0.0106) (0.0106) (0.0106) (0.0104) (0.0104) (0.0104) 
ln Num4Digiti_c   0.0305***   0.0272***   
  (0.00157)   (0.00157)   
ln Num4Digiti_d    0.0114***   0.00762***  
   (0.00160)   (0.00160)  
ln Num4Digiti_z    0.0370***   0.0341*** 
    (0.00189)   (0.00189) 
Firmagei     -0.00495*** -0.00483*** -0.00467*** 
     (0.000301) (0.000302) (0.000302) 
COEi     0.00642 0.0117 0.0102 
     (0.0188) (0.0188) (0.0188) 
POEi     0.139*** 0.145*** 0.141*** 
     (0.0169) (0.0170) (0.0170) 
HMTi     0.0798*** 0.0911*** 0.0932*** 
     (0.0177) (0.0178) (0.0177) 
FORi     0.306*** 0.320*** 0.320*** 
     (0.0177) (0.0178) (0.0178) 
_constant 5.522*** 5.519*** 5.510*** 5.480*** 5.441*** 5.432*** 5.407*** 
  (0.0473) (0.0472) (0.0473) (0.0473) (0.0503) (0.0504) (0.0504) 
N 174400 174400 174400 174400 174400 174400 174400 
R-sq 0.623 0.624 0.623 0.624 0.628 0.627 0.628 
adj. R-sq 0.622 0.623 0.622 0.623 0.627 0.626 0.627 
Notes to Table 4a: Robust Standard errors in parentheses. Significance level notations are * p<0.05,  ** p<0.01,  *** 
p<0.001. The coefficients of the 4-digit NIC dummies are not reported to save space. 
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Table 4b. OLS Regression Results for the Service-Firm Sample 
  Service-Firm Sample 
 (1) (2) (3) (4) (5) (6) (7) 
  ln Yij ln Yij ln Yij ln Yij ln Yij ln Yij ln Yij 
ln Li 0.764*** 0.764*** 0.764*** 0.764*** 0.759*** 0.759*** 0.758*** 
 (0.00157) (0.00157) (0.00157) (0.00157) (0.00158) (0.00158) (0.00158) 
ln Ki 0.285*** 0.287*** 0.287*** 0.286*** 0.286*** 0.287*** 0.286*** 
 (0.000850) (0.000851) (0.000850) (0.000850) (0.000856) (0.000855) (0.000854) 
ln (Popdensj) 0.100*** 0.0987*** 0.109*** 0.105*** 0.101*** 0.110*** 0.107*** 
 (0.00369) (0.00369) (0.00370) (0.00370) (0.00369) (0.00370) (0.00369) 
MultiEsti -0.0697*** -0.0767*** -0.0751*** -0.0698*** -0.0671*** -0.0660*** -0.0620*** 
 (0.00673) (0.00672) (0.00672) (0.00673) (0.00669) (0.00669) (0.00670) 
ln Num4Digiti_c   0.0203***   0.0171***   
  (0.000820)   (0.000822)   
ln Num4Digiti_d    0.0322***   0.0289***  
   (0.000980)   (0.000982)  
ln Num4Digiti_z    0.0233***   0.0210*** 
    (0.00108)   (0.00108) 
Firmagei     -0.00512*** -0.00516*** -0.00493*** 
     (0.000255) (0.000255) (0.000256) 
COEi     -0.170*** -0.172*** -0.167*** 
     (0.00851) (0.00850) (0.00851) 
POEi     -0.0797*** -0.0841*** -0.0794*** 
     (0.00708) (0.00708) (0.00710) 
HMTi     0.290*** 0.283*** 0.300*** 
     (0.0156) (0.0156) (0.0156) 
FORi     0.387*** 0.380*** 0.398*** 
     (0.0133) (0.0133) (0.0133) 
_constant 1.744*** 1.745*** 1.645*** 1.692*** 1.879*** 1.792*** 1.831*** 
  (0.166) (0.166) (0.166) (0.166) (0.133) (0.133) (0.134) 
N 853005 853005 853005 853005 853005 853005 853005 
R-sq 0.527 0.528 0.528 0.528 0.530 0.530 0.530 
adj. R-sq 0.527 0.527 0.528 0.527 0.529 0.530 0.529 
Notes to Table 4b: Robust Standard errors in parentheses. Significance level notations are * p<0.05,  ** p<0.01,  *** 
p<0.001. The coefficients of the 4-digit NIC dummies are not reported to save space. 
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Table 5. Economies of Population Density: Coefficients of ln (Popdensj) 
  OLS 
 Manu Service   Manu Service   Manu Service 
β3 0.0746*** 0.100***  0.0751*** 0.105***  0.0740*** 0.107*** 
 (0.00406) (0.00369)  (0.00406) (0.00370)  (0.00404) (0.00369) 
N 174400 853005  174400 853005  174400 853005 
Num4Digit_z no no   yes yes   yes yes 
Firm Char. Controls no no   no no   yes yes 
Notes to Table 5: Robust standard errors are in parentheses. β3 is the coefficients of ln (Popdensj). 
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Table 6a. OLS Regression Results for the Service-Firm Sample Controlling for 
Labor Quality 
Service-Firm Sample 
 
(1) (2) (3) (4) (5) (6) 
  ln Yij ln Yij ln Yij ln Yij ln Yij ln Yij 
ln Li 0.808*** 0.808*** 0.808*** 0.799*** 0.800*** 0.800*** 
 (0.00213) (0.00213) (0.00214) (0.00215) (0.00216) (0.00216) 
ln Ki 0.278*** 0.279*** 0.279*** 0.277*** 0.278*** 0.278*** 
 (0.00119) (0.00119) (0.00119) (0.00120) (0.00120) (0.00120) 
ln (Popdensj) 0.105*** 0.113*** 0.109*** 0.102*** 0.108*** 0.106*** 
 (0.00529) (0.00534) (0.00530) (0.00528) (0.00533) (0.00528) 
Edupori 0.309*** 0.304*** 0.304*** 0.270*** 0.266*** 0.265*** 
 (0.00688) (0.00689) (0.00689) (0.00690) (0.00691) (0.00691) 
MultiEsti -0.0357*** -0.0373*** -0.0347*** -0.0356*** -0.0377*** -0.0361*** 
 (0.00909) (0.00907) (0.00907) (0.00904) (0.00903) (0.00902) 
ln Num4Digiti_c  0.00269*   -0.00140   
 (0.00111)   (0.00112)   
ln Num4Digiti_d   0.0143***   0.0107***  
  (0.00129)   (0.00130)  
ln Num4Digiti_z   0.0209***   0.0185*** 
   (0.00149)   (0.00149) 
Firmagei    -0.00346*** -0.00362*** -0.00351*** 
    (0.000354) (0.000353) (0.000353) 
COEi    -0.219*** -0.223*** -0.222*** 
    (0.0114) (0.0114) (0.0114) 
POEi    -0.0970*** -0.102*** -0.103*** 
    (0.00879) (0.00879) (0.00878) 
HMTi    0.261*** 0.249*** 0.250*** 
    
(0.0184) (0.0184) (0.0184) 
FORi 
   
0.352*** 0.339*** 0.340*** 
    
(0.0150) (0.0149) (0.0149) 
_constant 1.488*** 1.415*** 1.449*** 1.675*** 1.613*** 1.632*** 
  (0.203) (0.203) (0.203) (0.176) (0.175) (0.176) 
N 455611 455611 455611 455611 455611 455611 
R-sq 0.565 0.565 0.565 0.567 0.567 0.567 
adj. R-sq 0.564 0.564 0.564 0.566 0.566 0.567 
Notes to Table 6a: Robust standard errors in parentheses. Significance level notations are * p<0.05,  ** p<0.01,  *** 
p<0.001. The coefficients of the 4-digit NIC dummies are not reported to save space. 
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Table 6b. OLS Regression Results for the Service-Firm Subsamples (Producer 
and Non-Producer Services) 
  Producer-Service Firms   Non-Producer-Service Firms 
 
(1) (2) (3)  (4) (5) (6) 
  ln Yij ln Yij ln Yij   ln Yij ln Yij ln Yij 
ln Li 0.787*** 0.787*** 0.787***  0.705*** 0.707*** 0.709*** 
 (0.00258) (0.00258) (0.00258)  (0.00437) (0.00437) (0.00437) 
ln Ki 0.321*** 0.321*** 0.320***  0.290*** 0.292*** 0.294*** 
 (0.00148) (0.00148) (0.00147)  (0.00260) (0.00260) (0.00257) 
ln (Popdensj) 0.0603*** 0.0661*** 0.0595***  0.104*** 0.104*** 0.113*** 
 (0.00638) (0.00644) (0.00640)  (0.0116) (0.0117) (0.0116) 
Edupori 0.265*** 0.264*** 0.268***  0.176*** 0.182*** 0.177*** 
 (0.00788) (0.00789) (0.00789)  (0.0164) (0.0163) (0.0163) 
MultiEsti -0.0318** -0.0294** -0.0273*  -0.0658*** -0.0732*** -0.0756*** 
 (0.0110) (0.0110) (0.0110)  (0.0163) (0.0163) (0.0163) 
ln Num4Digiti_c  0.0142***    -0.0237***   
 (0.00128)    (0.00223)   
ln Num4Digiti_d   0.0137***    -0.0106***  
  (0.00147)    (0.00282)  
ln Num4Digiti_z   0.00458**    0.0445*** 
   (0.00168)    (0.00350) 
Firmagei -0.00248*** -0.00241*** -0.00220***  -0.000978 -0.00110* -0.00122* 
 (0.000452) (0.000452) (0.000452)  (0.000529) (0.000528) (0.000526) 
COEi -0.192*** -0.191*** -0.186***  -0.144*** -0.149*** -0.151*** 
 (0.0142) (0.0142) (0.0142)  (0.0180) (0.0179) (0.0179) 
POEi -0.132*** -0.132*** -0.127***  -0.0297* -0.0292* -0.0363* 
 (0.0105) (0.0105) (0.0105)  (0.0148) (0.0147) (0.0147) 
HMTi 0.247*** 0.250*** 0.262***  0.118** 0.107* 0.0983* 
 (0.0211) (0.0212) (0.0211)  (0.0419) (0.0418) (0.0418) 
FORi 0.312*** 0.317*** 0.330***  0.111** 0.102** 0.0933** 
 
(0.0170) (0.0170) (0.0170)  (0.0354) (0.0353) (0.0352) 
_constant 2.117*** 2.077*** 2.142***  2.001*** 1.975*** 1.871*** 
  (0.141) (0.142) (0.142)  (0.202) (0.203) (0.202) 
N 232587 232587 232587   69096 69096 69096 
R-sq 0.696 0.696 0.696  0.718 0.718 0.718 
adj. R-sq 0.696 0.696 0.696   0.717 0.717 0.718 
Notes to Table 6b: Robust Standard errors in parentheses. Significance level notations are * p<0.05,  ** p<0.01,  *** 
p<0.001. The coefficients of the 4-digit NIC dummies are not reported to save space. 
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Table 6c. OLS Regression Results for the Service-Firm Subsamples (Wholesale 
and Retail Trade) 
  Wholesale-Trade Firms   Retail-Trade Firms 
 
(1) (2) (3)  (4) (5) (6) 
  ln Yij ln Yij ln Yij   ln Yij ln Yij ln Yij 
ln Li 0.850*** 0.864*** 0.864***  0.839*** 0.841*** 0.842*** 
 (0.00889) (0.00885) (0.00880)  (0.00713) (0.00713) (0.00712) 
ln Ki 0.209*** 0.213*** 0.211***  0.198*** 0.201*** 0.202*** 
 (0.00393) (0.00391) (0.00389)  (0.00316) (0.00314) (0.00312) 
ln (Popdensj) 0.104*** 0.139*** 0.138***  0.185*** 0.190*** 0.195*** 
 (0.0206) (0.0206) (0.0202)  (0.0126) (0.0127) (0.0125) 
Edupori 0.271*** 0.264*** 0.263***  0.304*** 0.290*** 0.285*** 
 (0.0240) (0.0240) (0.0240)  (0.0193) (0.0193) (0.0193) 
MultiEsti -0.0569 -0.0688* -0.0648*  -0.0456 -0.0563* -0.0554* 
 (0.0301) (0.0300) (0.0300)  (0.0269) (0.0268) (0.0268) 
ln Num4Digiti_c  -0.0264***    -0.0312***   
 (0.00434)    (0.00369)   
ln Num4Digiti_d   0.0155**    0.0000930  
  (0.00471)    (0.00406)  
ln Num4Digiti_z   0.0387***    0.0302*** 
   (0.00528)    (0.00382) 
Firmagei -0.00738*** -0.00794*** -0.00762***  -0.00721*** -0.00774*** -0.00756*** 
 (0.00134) (0.00134) (0.00134)  (0.00122) (0.00122) (0.00122) 
COEi -0.306*** -0.316*** -0.317***  -0.152** -0.154** -0.157** 
 (0.0552) (0.0551) (0.0551)  (0.0490) (0.0489) (0.0489) 
POEi -0.0669 -0.0692 -0.0728  0.112** 0.0998* 0.0907* 
 (0.0503) (0.0502) (0.0502)  (0.0415) (0.0414) (0.0414) 
HMTi 0.314** 0.284* 0.290**  0.446*** 0.407*** 0.398*** 
 (0.111) (0.111) (0.111)  (0.0628) (0.0626) (0.0625) 
FORi 0.127 0.0876 0.0960  0.683*** 0.639*** 0.629*** 
 
(0.0946) (0.0940) (0.0941)  (0.0544) (0.0541) (0.0539) 
_constant 1.829*** 1.289*** 1.290***  1.586*** 1.427*** 1.349*** 
  (0.204) (0.203) (0.196)  (0.169) (0.170) (0.168) 
N 52109 52109 52109   101819 101819 101819 
R-sq 0.331 0.331 0.331  0.261 0.260 0.261 
adj. R-sq 0.330 0.330 0.330   0.260 0.260 0.260 
Notes to Table 6c: Robust Standard errors in parentheses. Significance level notations are * p<0.05,  ** p<0.01,  *** 
p<0.001. The coefficients of the 4-digit NIC dummies are not reported to save space. 
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Table 7. Firm-Level Scale Elasticity 
  OLS 
 Manu Service   Manu Service   Manu Service 
Scale Elasticity 0.833 1.049***  0.834 1.05***  0.838 1.045*** 
 (-75.55) (36.47)  (-82.03) (36.93)  (-82.25) (31.97) 
N 174400 853005  174400 853005  174400 853005 
Num4Digit_z no no   yes yes   yes yes 
Firm Char. Controls no no   no no   yes yes 
Notes to Table 7: t-statistics are in parentheses. Scale elasticity indicates the sum of the coefficients for ln Li and ln Ki. 
The null hypothesis is that the coefficient of ln Li and ln Ki sum to less than or equal to 1. ***Significant at the 1%. The 
current net value of fixed capital stock is used for manufacturing whereas the original value of fixed capital stock is used 
for services. 
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Table 8. Regression Results of Average Size of Firms on Population Density 
  Manu   Pro   Non-pro   WS   Retail 
 (1)  (2)  (3)  (4)  (5) 
 avg(ln Yij) avg(ln Yij) avg(ln Yij) avg(ln Yij) avg(ln Yij) 
          
ln (Popdensj) 0.0756  0.0628  0.0483  0.249*  0.108 
 (0.0574)  (0.0864)  (0.0673)  (0.110)  (0.120) 
_constant 9.718***  5.420***  5.759***  3.031**  4.949*** 
  (0.514)   (0.775)   (0.603)   (0.984)   (1.075) 
N 270  270  270  264  265 
R-sq 0.006  0.002  0.002  0.019  0.003 
adj. R-sq 0.003  -0.002  -0.002  0.016  -0.001 
Notes to Table 8: Manu, Pro, Non-pro, WS, and Retail stands for manufacturing firms, 
producer-service Firms, non-producer-service firms, wholesale trade firms, and retail trade firms 
repsetively. The measure of average firm size, avg(ln Yij) is the average value added of all firms 
located in the same city. The coefficient of ln (Popdensj) indicates the elasticity of the average size 
of firms with respect to population density.  Standard errors in parentheses. Significance level 
notations are * p<0.05,  ** p<0.01,  *** p<0.001. 
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Table 9. Distribution of Productivity by Population Density 
    P75/P25   P90/P10   Log Variance 
Industry Category Low High   Low High   Low High 
Road freight transport Producer Service 1.572 1.664  2.597 2.523  -0.059 -0.083 
Cargo transport agency services Producer Service 1.699 1.718  3.272 3.595  0.094 0.124 
Computer system service Producer Service 1.578 1.646  2.753 2.911  -0.009 0.030 
Application software service Producer Service 1.620 1.734  3.187 3.469  0.150 0.143 
Wholesale of metal and metal ore Wholesale Trade 1.737 1.726  3.632 3.425  1.103 1.071 
Wholesale trade of building materials Wholesale Trade 1.949 1.972  5.852 5.182  0.941 1.058 
Wholesale trade of hardware and electrical equipment Wholesale Trade 1.752 1.764  3.655 3.753  0.831 0.909 
Retail trade of computer, software and assistive device Retail Trade 1.847 2.047  5.171 6.901  0.683 0.784 
Dinning Service Non-Producer Service 1.364 1.366  2.019 1.964  -0.419 -0.475 
Investment and asset management Producer Service 2.018 1.881  5.494 4.110  0.921 0.688 
Accounting, audit and tax service Producer Service 1.553 1.519  2.649 2.445  -0.155 -0.349 
Socio-economic consultancy Producer Service 1.685 1.718  3.680 3.061  0.293 0.238 
Advertising Producer Service 1.628 1.606  3.053 2.684  0.111 -0.078 
Travel Agency Producer Service 1.634 1.702  3.084 3.063  0.164 0.158 
Project management service Producer Service 1.450 1.503  2.175 2.262  -0.169 -0.239 
Project geological prospecting Producer Service 1.596 1.589  3.209 2.712  0.047 0.019 
Technology promotion service Producer Service 1.698 1.682  3.900 3.412  0.278 0.212 
Notes to Table 9: Cities are classified as high-population-density or low-population-density cities depending on whether a city's population density is higher or lower than the average. 
Productivity in this thesis is estimated as ln TFPi= ln Yij - β1 ln Li - β2 ln Ki. 
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Table 10a. Effect of the Number of Firms of the Same Industry (Producer and Non-Producer Services) 
  OLS 
 Producer-Service Firms  
Non-Producer-Service Firms 
 (1)  (2)  (3)  
(4)  (5)  (6) 
 Num4Digiti_c  Num4Digiti_d  Num4Digiti_z  Num4Digiti_c  Num4Digiti_d  Num4Digiti_z 
Coefficients 0.0142***  0.0137***  0.00458**  -0.0237***  -0.0106***  0.0445*** 
  (0.00128)   (0.00147)   (0.00168)   (0.00223)   (0.00282)   (0.0035) 
N 232587  232587  232587  
69096  69096  69096 
Firm Char. Controls yes   yes   yes   yes   yes   yes 
Notes to Table 10a: Robust standard errors are in parentheses. Num4Digiti_c, Num4Digiti_d and Num4Digiti_d are the number of firms of the same 4-digit NIC 
industry within the same city, district and zip-code area respectively. Theses variables are included alternatively in the regressions. Robust standard errors in 
parentheses. Significance level notations are * p<0.05,  ** p<0.01,  *** p<0.001. 
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Table 10b. Effect of the Number of Firms of the Same Industry (Wholesale and Retail Trade) 
  OLS 
 Wholesale-Trade Firms  
Retail-Trade Firms 
 (1)  (2)  (3)  
(4)  (5)  (6) 
 Num4Digiti_c  Num4Digiti_d  Num4Digiti_z  Num4Digiti_c  Num4Digiti_d  Num4Digiti_z 
Coefficients -0.0264***  0.0155**  0.0387***  -0.0312***  0.0000930  0.0302*** 
  (0.00434)   (0.00471)   (0.00528)   (0.00369)   (0.00406)   (0.00382) 
N 52109  52109  52109  
101819  101819  101819 
Firm Char. Controls yes   yes   yes   yes   yes   yes 
Notes to Table 10b: Robust standard errors are in parentheses. Num4Digiti_c, Num4Digiti_d and Num4Digiti_d are the number of firms of the same 4-digit NIC 
industry within the same city, district and zip-code area respectively. Theses variables are included alternatively in the regressions. Robust standard errors in 
parentheses. Significance level notations are * p<0.05,  ** p<0.01,  *** p<0.001. 
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Table 11. Effect of the Proportion of Skilled Workers 
  OLS 
 
(1)  (2)  (3)  
(4) 
 Pro   Non-pro   WS  
Retail 
Edupori 0.268***  0.177***  0.263***  0.285*** 
  (0.00789)   (0.0163)   (0.0240)   (0.0193) 
N 232587  69096  52109  101819 
Num4Digit_z yes  yes  yes  yes 
Firm Char. Controls yes   yes   yes   yes 
Notes to Table 11: Manu, Pro, Non-pro, WS, and Retail stands for manufacturing firms, 
producer-service Firms, non-producer-service firms, wholesale trade firms, and retail trade 
firms respectively. Edupori indicates the proportion of employees with at least a Bachelor’s 
degree of firm i. Robust standard errors in parentheses. Significance level notations are * 
p<0.05,  ** p<0.01,  *** p<0.001. 
 
 
 56 
Table 12. Effect of Working Population Density on the Proportion of Skilled 
Workers 
  OLS 
 (1)  (2)  (3)  (4) 
 Pro  Non-pro  WS  Retail 
  Edupori   Edupori   Edupori   Edupori 
Wpopdensj 0.0164**  -0.298***  -0.0595*** -0.352*** 
 (0.00604)  (0.00737)  (0.0104)  (0.0111) 
MultiEsti -0.0506*** -0.0473*** -0.0436*** -0.0618*** 
 (0.00210)  (0.00249)  (0.00382)  (0.00395) 
Firmagei -0.00261*** -0.00188*** -0.00415*** -0.00185*** 
 (0.0000897) (0.000107) (0.000181) (0.000195) 
COEi -0.114***  -0.0673*** -0.112***  -0.0914*** 
 (0.00307)  (0.00368)  (0.00727)  (0.00856) 
POEi -0.0512*** -0.0202*** -0.0403*** -0.0176* 
 (0.00231)  (0.00328)  (0.00637)  (0.00813) 
HMTi 0.0507*** 0.0161  0.0537*** 0.0847*** 
 (0.00443)  (0.00823)  (0.0103)  (0.0205) 
FORi 0.134***  0.0599*** 0.146***  0.128*** 
  (0.00366)   (0.00735)   (0.00906)   (0.0178) 
N 406563  158708  124599  72225 
R-sq 0.158  0.159  0.050  0.069 
adj. R-sq 0.158   0.158   0.049   0.068 
Notes to Table 12: Manu, Pro, Non-pro, WS, and Retail stands for manufacturing firms, 
producer-service Firms, non-producer-service firms, wholesale trade firms, and retail 
trade firms respectively. Wpopdensj is defined as the working population in the service 
industries divided by the built-up area of city j. Robust standard errors in parentheses. 
Significance level notations are * p<0.05,  ** p<0.01,  *** p<0.001. 
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Table 13a. Coefficients of Population Density Using Cobb-Douglas vs. Translog 
Production Function 
Service Industry   Cobb-Douglas   Translog 
Producer Services  0.0595***  0.0694*** 
  (0.00640)  (0.00632) 
Non-Producer Services  0.113***  0.121*** 
  (0.0116)  (0.0115) 
Wholesale Trade  0.138***  0.117*** 
  (0.0202)  (0.0204) 
Retail Trade  0.195***  0.191*** 
    (0.0125)   (0.0125) 
Notes to Table 13a: All regressions include a constant, Num4digit_zj and 
firm characteristics control. Robust standard errors in parentheses. 
Significance level notations are *** p<0.001. 
 
Table 13b. Coefficients of the Proportion of Skilled Workers Using 
Cobb-Douglas vs. Translog Production Function 
Service Industry   Cobb-Douglas   Translog 
Producer Services  0.268***  0.272*** 
  (0.00789)  (0.00780) 
Non-Producer Services  0.177***  0.159*** 
  (0.0163)  (0.0161) 
Wholesale Trade  0.263***  0.245*** 
  (0.0240)  (0.0239) 
Retail Trade  0.285***  0.293*** 
    (0.0193)   (0.0193) 
Notes to Table 13b: All regressions include a constant, Num4digit_zj and 
firm characteristics control. Robust standard errors in parentheses. 
Significance level notations are *** p<0.001. 
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Table 14a. OLS Regression Results for the Manufacturing-Firm Sample with 
Value Added Normalized by Minimum Wage as the Dependent Variable 
  Manufacturing Firms 
 
(1) (2) (3) 
  ln norm. Yij ln norm. Yij ln norm. Yij 
ln Li 0.628*** 0.632*** 0.627*** 
 (0.00268) (0.00269) (0.00269) 
ln Ki 0.224*** 0.225*** 0.229*** 
 (0.00168) (0.00168) (0.00168) 
ln (Popdensj) 0.105*** 0.0941*** 0.0973*** 
 (0.0105) (0.0105) (0.0105) 
MultiEsti 0.156*** 0.145*** 0.141*** 
 (0.00412) (0.00410) (0.00411) 
ln Num4Digiti_c  -0.0578***   
 (0.00159)   
ln Num4Digiti_d   -0.0441***  
  (0.00162)  
ln Num4Digiti_z   0.0226*** 
   (0.00193) 
Firmagei -0.00664*** -0.00705*** -0.00667*** 
 (0.000305) (0.000306) (0.000304) 
COEi 0.00463 0.00200 -0.0143 
 (0.0189) (0.0189) (0.0189) 
POEi 0.126*** 0.127*** 0.0981*** 
 (0.0170) (0.0170) (0.0169) 
HMTi 0.0327 0.0293 -0.00575 
 (0.0178) (0.0178) (0.0177) 
FORi 0.243*** 0.229*** 0.201*** 
 
(0.0179) (0.0178) (0.0177) 
_constant 11.72*** 11.76*** 11.72*** 
  (0.0512) (0.0512) (0.0512) 
N 174400 174400 174400 
R-sq 0.630 0.629 0.628 
adj. R-sq 0.629 0.628 0.627 
Notes to Table 14a: Value added is normalized with respect to city minimum 
wage in 2008. Robust Standard errors in parentheses. Significance level 
notations are * p<0.05,  ** p<0.01,  *** p<0.001. The coefficients of the 
4-digit NIC dummies are not reported to save space. 
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Table 14b. OLS Regression Results for the Producer- and Non-producer- Service 
-Firms with Value Added Normalized by Minimum Wage as the Dependent Variable 
 
Producer-Service Firms 
 
Non-Producer-Service Firms 
 
(1) (2) (3) 
 
(4) (5) (6) 
  ln norm. Yij ln norm. Yij ln norm. Yij   ln norm. Yij ln norm. Yij ln norm. Yij 
ln Li 0.776*** 0.777*** 0.776*** 
 
0.695*** 0.700*** 0.704*** 
 (0.00258) (0.00258) (0.00258)  
(0.00437) (0.00439) (0.00440) 
ln Ki 0.326*** 0.328*** 0.329*** 
 
0.294*** 0.299*** 0.306*** 
 (0.00148) (0.00148) (0.00147)  
(0.00260) (0.00260) (0.00259) 
ln (Popdensj) 0.135*** 0.121*** 0.138*** 
 
0.192*** 0.180*** 0.214*** 
 (0.00643) (0.00650) (0.00647)  
(0.0119) (0.0120) (0.0120) 
Edupori 0.273*** 0.271*** 0.260*** 
 
0.169*** 0.190*** 0.185*** 
 (0.00790) (0.00793) (0.00793)  
(0.0164) (0.0165) (0.0165) 
MultiEsti -0.0608*** -0.0712*** -0.0767*** 
 
-0.0916*** -0.113*** -0.129*** 
 (0.0110) (0.0110) (0.0110)  
(0.0164) (0.0164) (0.0164) 
ln Num4Digiti_c  -0.0493***    
-0.0895***   
 (0.00128)    
(0.00225)   
ln Num4Digiti_d   -0.0361***    
-0.0666***  
  (0.00148)    
(0.00285)  
ln Num4Digiti_z   -0.0153***    
0.0415*** 
   (0.00169)    
(0.00357) 
Firmagei -0.00291*** -0.00335*** -0.00389*** 
 
-0.00107* -0.00137* -0.00182*** 
 (0.000451) (0.000450) (0.000449)  
(0.000532) (0.000532) (0.000530) 
COEi -0.197*** -0.205*** -0.216*** 
 
-0.143*** -0.157*** -0.170*** 
 (0.0142) (0.0142) (0.0142)  
(0.0180) (0.0180) (0.0180) 
POEi -0.146*** -0.153*** -0.166*** 
 
-0.0339* -0.0287 -0.0426** 
 (0.0105) (0.0104) (0.0104)  
(0.0148) (0.0147) (0.0147) 
HMTi 0.187*** 0.162*** 0.132*** 
 
0.0681 0.0388 0.00531 
 (0.0212) (0.0212) (0.0211)  
(0.0418) (0.0417) (0.0417) 
FORi 0.265*** 0.237*** 0.204*** 
 
0.0653 0.0413 0.0103 
 
(0.0171) (0.0170) (0.0169) 
 
(0.0354) (0.0353) (0.0352) 
_constant 8.365*** 8.438*** 8.276*** 
 
8.120*** 8.156*** 7.770*** 
  (0.137) (0.137) (0.136) 
 
(0.209) (0.209) (0.205) 
N 232587 232587 232587   69096 69096 69096 
R-sq 0.697 0.696 0.695 
 
0.721 0.717 0.715 
adj. R-sq 0.697 0.696 0.695   0.721 0.716 0.715 
Notes to Table 14b: Value added is normalized with respect to city minimum wage in 2008. Robust Standard errors in 
parentheses. Significance level notations are * p<0.05,  ** p<0.01,  *** p<0.001. The coefficients of the 4-digit NIC 
dummies are not reported to save space. 
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Table 14c. OLS Regression Results for the Wholesale- and Retail-Trade Firms with 
Value Added Normalized by Minimum Wage as the Dependent Variable 
 
Wholesale-Trade Firms   Retail-Trade Firms 
 
(1) (2) (3) 
 
(4) (5) (6) 
  ln norm. Yij ln norm. Yij ln norm. Yij 
 
ln norm. Yij ln norm. Yij ln norm. Yij 
ln Li 0.834*** 0.862*** 0.871*** 
 
0.823*** 0.829*** 0.832*** 
 (0.00892) (0.00891) (0.00886)  
(0.00713) (0.00716) (0.00715) 
ln Ki 0.223*** 0.229*** 0.230*** 
 
0.203*** 0.211*** 0.216*** 
 (0.00395) (0.00394) (0.00392)  
(0.00316) (0.00316) (0.00314) 
ln (Popdensj) 0.205*** 0.255*** 0.287*** 
 
0.299*** 0.291*** 0.322*** 
 (0.0207) (0.0208) (0.0204)  
(0.0126) (0.0128) (0.0126) 
Edupori 0.253*** 0.248*** 0.237*** 
 
0.279*** 0.249*** 0.227*** 
 (0.0241) (0.0242) (0.0242)  
(0.0194) (0.0194) (0.0194) 
MultiEsti -0.0883** -0.117*** -0.118*** 
 
-0.0755** -0.108*** -0.113*** 
 (0.0301) (0.0301) (0.0300)  
(0.0268) (0.0268) (0.0268) 
ln Num4Digiti_c  -0.0830***    
-0.110***   
 (0.00436)    
(0.00370)   
ln Num4Digiti_d   -0.0231***    
-0.0566***  
  (0.00476)    
(0.00407)  
ln Num4Digiti_z   0.0399***    
0.0190*** 
   (0.00533)    
(0.00383) 
Firmagei -0.00824*** -0.00935*** -0.00938*** 
 
-0.00769*** -0.00904*** -0.00943*** 
 (0.00135) (0.00135) (0.00134)  
(0.00122) (0.00122) (0.00122) 
COEi -0.294*** -0.308*** -0.318*** 
 
-0.145** -0.150** -0.156** 
 (0.0554) (0.0553) (0.0553)  
(0.0490) (0.0490) (0.0489) 
POEi -0.0694 -0.0668 -0.0758 
 
0.0952* 0.0745 0.0465 
 (0.0505) (0.0504) (0.0504)  
(0.0415) (0.0414) (0.0413) 
HMTi 0.239* 0.188 0.171 
 
0.377*** 0.290*** 0.235*** 
 (0.112) (0.111) (0.111)  
(0.0627) (0.0626) (0.0625) 
FORi 0.0843 0.0145 -0.00578 
 
0.609*** 0.507*** 0.447*** 
 
(0.0946) (0.0938) (0.0935) 
 
(0.0542) (0.0539) (0.0536) 
_constant 7.950*** 7.084*** 6.631*** 
 
7.655*** 7.470*** 7.044*** 
  (0.206) (0.204) (0.197) 
 
(0.170) (0.171) (0.168) 
N 52109 52109 52109   101819 101819 101819 
R-sq 0.347 0.343 0.343 
 
0.271 0.265 0.264 
adj. R-sq 0.346 0.342 0.342   0.270 0.265 0.264 
Notes to Table 14c: Value added is normalized with respect to city minimum wage in 2008. Robust Standard errors in 
parentheses. Significance level notations are * p<0.05,  ** p<0.01,  *** p<0.001. The coefficients of the 4-digit NIC 
dummies are not reported to save space. 
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Table 15a. OLS Regression Results for the Manufacturing-Firm Sample with 
Value Added Normalized by 2004 Prices as the Dependent Variable 
  Manufacturing Firms 
 
(1) (2) (3) 
  ln norm. Yij ln norm. Yij ln norm. Yij 
ln Li 0.607*** 0.608*** 0.606*** 
 (0.00267) (0.00267) (0.00267) 
ln Ki 0.231*** 0.230*** 0.232*** 
 (0.00167) (0.00167) (0.00167) 
ln (Popdensj) 0.120*** 0.119*** 0.119*** 
 (0.0105) (0.0105) (0.0105) 
MultiEsti 0.0285*** 0.0294*** 0.0285*** 
 (0.00410) (0.00408) (0.00408) 
ln Num4Digiti_c  -0.00125   
 (0.00158)   
ln Num4Digiti_d   -0.0135***  
  (0.00161)  
ln Num4Digiti_z   0.0322*** 
   (0.00191) 
Firmagei -0.00510*** -0.00518*** -0.00491*** 
 (0.000302) (0.000302) (0.000301) 
COEi 0.00740 0.0112 0.00334 
 (0.0188) (0.0188) (0.0188) 
POEi 0.137*** 0.143*** 0.129*** 
 (0.0169) (0.0170) (0.0169) 
HMTi 0.0308 0.0400* 0.0267 
 (0.0178) (0.0178) (0.0177) 
FORi 0.287*** 0.294*** 0.282*** 
 
(0.0178) (0.0178) (0.0177) 
_constant 5.804*** 5.810*** 5.778*** 
  (0.0506) (0.0506) (0.0506) 
N 174400 174400 174400 
R-sq 0.625 0.626 0.626 
adj. R-sq 0.624 0.625 0.625 
Notes to Table 15a: Value added is normalized with respect to the 2004 
provincial spatial price indices constructed by Brandt and Holz (2006). 
Robust Standard errors in parentheses. Significance level notations are * 
p<0.05,  ** p<0.01,  *** p<0.001. The coefficients of the 4-digit NIC 
dummies are not reported to save space. 
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Table 15b. OLS Regression Results for the Producer- and Non-producer- Service 
-Firms with Value Added Normalized by 2004 Prices as the Dependent Variable 
 
Producer-Service Firms 
 
Non-Producer-Service Firms 
 
(1) (2) (3) 
 
(4) (5) (6) 
  ln norm. Yij ln norm. Yij ln norm. Yij   ln norm. Yij ln norm. Yij ln norm. Yij 
ln Li 0.784*** 0.784*** 0.784***  0.701*** 0.704*** 0.708*** 
 (0.00257) (0.00258) (0.00257)  (0.00438) (0.00439) (0.00440) 
ln Ki 0.324*** 0.324*** 0.325***  0.292*** 0.296*** 0.301*** 
 (0.00148) (0.00148) (0.00147)  (0.00260) (0.00260) (0.00258) 
ln (Popdensj) 0.0765*** 0.0668*** 0.0780***  0.136*** 0.125*** 0.152*** 
 (0.00639) (0.00645) (0.00642)  (0.0117) (0.0118) (0.0117) 
Edupori 0.280*** 0.282*** 0.274***  0.197*** 0.212*** 0.207*** 
 (0.00786) (0.00788) (0.00788)  (0.0164) (0.0164) (0.0165) 
MultiEsti -0.0534*** -0.0577*** -0.0613***  -0.0831*** -0.0969*** -0.109*** 
 (0.0110) (0.0110) (0.0109)  (0.0163) (0.0163) (0.0163) 
ln Num4Digiti_c  -0.0247***    -0.0622***   
 (0.00128)    (0.00224)   
ln Num4Digiti_d   -0.0231***    -0.0524***  
  (0.00147)    (0.00283)  
ln Num4Digiti_z   -0.00802***    0.0377*** 
   (0.00168)    (0.00354) 
Firmagei -0.00295*** -0.00309*** -0.00344***  -0.00108* -0.00125* -0.00161** 
 (0.000451) (0.000450) (0.000449)  (0.000529) (0.000528) (0.000525) 
COEi -0.197*** -0.199*** -0.206***  -0.156*** -0.165*** -0.175*** 
 (0.0142) (0.0142) (0.0142)  (0.0180) (0.0179) (0.0179) 
POEi -0.133*** -0.133*** -0.143***  -0.0321* -0.0276 -0.0392** 
 (0.0104) (0.0104) (0.0104)  (0.0147) (0.0147) (0.0147) 
HMTi 0.213*** 0.206*** 0.186***  0.0850* 0.0674 0.0405 
 (0.0211) (0.0211) (0.0210)  (0.0418) (0.0416) (0.0416) 
FORi 0.290*** 0.282*** 0.260***  0.0917** 0.0775* 0.0526 
 
(0.0170) (0.0169) (0.0169)  (0.0352) (0.0351) (0.0349) 
_constant 1.992*** 2.057*** 1.949***  1.676*** 1.732*** 1.423*** 
  (0.142) (0.142) (0.142)  (0.190) (0.191) (0.188) 
N 232587 232587 232587   69096 69096 69096 
R-sq 0.698 0.698 0.698  0.721 0.719 0.718 
adj. R-sq 0.698 0.698 0.698   0.720 0.718 0.717 
Notes to Table 15b: Value added is normalized with respect to the 2004 provincial spatial price indices constructed by 
Brandt and Holz (2006). Robust Standard errors in parentheses. Significance level notations are * p<0.05,  ** p<0.01,  
*** p<0.001. The coefficients of the 4-digit NIC dummies are not reported to save space. 
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Table 15c. OLS Regression Results for the Wholesale- and Retail-Trade Firms with 
Value Added Normalized by 2004 Prices as the Dependent Variable 
  Wholesale-Trade Firms   Retail-Trade Firms 
 
(1) (2) (3) 
 
(4) (5) (6) 
 
ln norm. Yij ln norm. Yij ln norm. Yij 
 
ln norm. Yij ln norm. Yij ln norm. Yij 
ln Li 0.852*** 0.874*** 0.881*** 
 
0.836*** 0.841*** 0.843*** 
 (0.00891) (0.00890) (0.00886)  
(0.00714) (0.00715) (0.00714) 
ln Ki 0.220*** 0.225*** 0.225*** 
 
0.201*** 0.206*** 0.209*** 
 (0.00396) (0.00395) (0.00393)  
(0.00316) (0.00315) (0.00313) 
ln (Popdensj) 0.142*** 0.182*** 0.208*** 
 
0.228*** 0.225*** 0.247*** 
 (0.0206) (0.0207) (0.0203)  
(0.0126) (0.0127) (0.0126) 
Edupori 0.303*** 0.298*** 0.290*** 
 
0.313*** 0.292*** 0.276*** 
 (0.0240) (0.0241) (0.0241)  
(0.0194) (0.0194) (0.0193) 
MultiEsti -0.0855** -0.108*** -0.108*** 
 
-0.0685* -0.0902*** -0.0924*** 
 (0.0301) (0.0301) (0.0300)  
(0.0269) (0.0268) (0.0268) 
ln Num4Digiti_c  -0.0652***    
-0.0723***   
 (0.00434)    
(0.00370)   
ln Num4Digiti_d   -0.0175***    
-0.0320***  
  (0.00472)    
(0.00406)  
ln Num4Digiti_z   0.0392***    
0.0313*** 
   (0.00530)    
(0.00381) 
Firmagei -0.00837*** -0.00925*** -0.00923*** 
 
-0.00807*** -0.00900*** -0.00910*** 
 (0.00134) (0.00134) (0.00134)  
(0.00122) (0.00122) (0.00122) 
COEi -0.306*** -0.317*** -0.326*** 
 
-0.148** -0.152** -0.157** 
 (0.0553) (0.0552) (0.0552)  
(0.0490) (0.0489) (0.0488) 
POEi -0.0603 -0.0583 -0.0665 
 
0.115** 0.0994* 0.0773 
 (0.0504) (0.0503) (0.0503)  
(0.0414) (0.0413) (0.0413) 
HMTi 0.285* 0.244* 0.231* 
 
0.412*** 0.351*** 0.313*** 
 (0.111) (0.111) (0.111)  
(0.0626) (0.0625) (0.0623) 
FORi 0.0903 0.0349 0.0188 
 
0.655*** 0.584*** 0.543*** 
 
(0.0944) (0.0937) (0.0935) 
 
(0.0542) (0.0539) (0.0536) 
_constant 1.534*** 0.845*** 0.460* 
 
1.271*** 1.116*** 0.821*** 
 (0.204) (0.203) (0.197)  
(0.169) (0.171) (0.168) 
N 52109 52109 52109   101819 101819 101819 
R-sq 0.347 0.344 0.344 
 
0.266 0.264 0.264 
adj. R-sq 0.346 0.343 0.344   0.266 0.264 0.264 
Notes to Table 15c: Value added is normalized with respect to the 2004 provincial spatial price indices constructed by 
Brandt and Holz (2006). Robust Standard errors in parentheses. Significance level notations are * p<0.05,  ** p<0.01,  
*** p<0.001. The coefficients of the 4-digit NIC dummies are not reported to save space. 
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Appendix 1. List of producer services   
2-digit 
NIC 
4-digit 
NIC 
  
51 5120 Railway freight transport 
5132 Freight train station 
5139 Other railway freight transport assisting activities 
52 5220 Road freight transport 
5239 Other road freight transport assisting activities 
54 5421 International carriage of goods by sea 
5422 Coastal carriage of goods by sea 
5423 Carriage of goods by inland river 
5432 Freight port 
5439 Other water freight transport assisting activities 
55 5512 Transport of goods by air 
5520 General aviation service 
5539 Other air freight transport assisting activities 
56 5600 Pipeline transport 
57 5710 Loading/unloading and removal 
5720 Cargo transport agency services 
58 - Storage 
59 - Postal services 
60 - Telecommunications and other information transfer 
services 
61 - Computer services 
62 - Software 
63 - Wholesale trade 
68 - Banking 
69 - Securities 
70 - Insurance 
71 - Other financial activities 
73 - Leasing 
74 - Commercial services 
75 - Research and experimental development 
76 - Polytechnic services 
77 - Scientific exchange and distribution 
78 - Geological prospecting 
Note: The categorization of producer services is based on the 2009 “Categorization of Producer Services” 
(Beijingshi Shengchanxing Fuwuye Tongji Fenlei Biaozhun) issued by Bureau of Statistics of Beijing. English 
language titles of 2-digit NIC and 4-digit NIC are from Holz (2013) and the author’s translation respectively. 
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